DOCUMENT RESUME

ED 093 323 IR 000 810

TITLE Scientific and Technical Information Transfer for
Education (STITE).

INSTITUTION Georgyia Inst, of Tech., Atlanta. School of
Information and Computer Science.

SPONS AGENCY National Science Foundation, Washington, D.C.

PUB DATE Jul 73

NOTE 200p.

EDRS PRICE MF-$C.75 HC-$9.00 PLUS POSTAGE

DESCRIPTORS *Data Bases; Information Needs; Information

Processing; *Information Retrieval; *Informatiqn
Systens; Instructional Innovation; Instructional
Yechpology; Literature Reviews; Program Descriptions;
*Science Education; Technical Reports

IDENTIFIERS Learning Information Systems; *STITE

ABSTRACT

STITE (Scientific and lechnical Information Trtansfer
for Education) is a proposed system for the transfer of information
from the many computerized information banks to the field of science
education, A description of STITE with its auxiliary systems first
outlines the goals and objectives of the research. Next, selected
science and technology centers are analyzed. A description of several
learnipg information systems (instructional methodology and
technology) is presented. The design and operation of the STITE
systew is detailed. 3 literature survey of the field concludes the
report. (WH)




ED 093323

O
OCo
O
O
O
|\
(1

US CEFARTMENT OF MEALTH
EOUCATION 8 AL LF ARE
NAT.ONAL INSTITUTE OF

€Epucarion
CLVENC e TN QEPYG

Y

o EEP Y AR ST
T Y 24 PhOIYROIy
A T U RN
i * T AN v ] g
ot NOLONGYTL TR
LN N R

" RESEARCH REPORT

* SCIENTIFIC AND TECHNICAL INTORMATION

" 'TRANSFFR FOR EDUCATICON

' (STITE)

JULY, 1973

GEORGIA INSTITUIE OF TECHNOLOGY
ATTANTA, GECRGIA



~ SCTENTIFIC AND TECHNICAL INFORMATION AND TRANSFER FOR EDUCATION

(STITE)

Progress report on research performed under National Science
Foundation Grant No. GN-36114

July 1973
Project Director : Pranas Zunde
staff (faculty) : Miroslav Valach
Staff wnon-faculty) : Frank Chu

Xhalid Hafiz
Dorothy S. Hughes
N. V. Subramanian

SCHOOL OF TNFORMATICN AD COMPUTER SCIRNCE
GHORGIA INSTITUIT. OF TECIZIOLOGY
ATLANTA, CEORGIA




TABLE OF CONTENTS

SOME OF THE ABBREVIATIONS USED INTHISREPORT + ¢« ¢ v 4+ v ¢ + ¢ ¢ v ¢« » . 3

PART ONE -~ GOALS AND OBJECTIVES OF RESEARCH + v v v ¢ v v v v ¢ ¢ o o o o U
I. Introduction . . &« v v v ¢ ¢t i v i et e e e e i s e e e . B
1I. Science Information and Education . « . « v v v v v v . 7
III. Research Objectives and Phase I Tasks « « + « v ¢« « + + « + . 8
IV, REIEYENCES & v v v v v v v 4 v vttt e e e e e e e 12

PART TWO - ANALYSIS OF SELECTED SCIENCE AND TECHNOLOGY CENTERS. . . . . . 13

I. Introduction. v v v v v o v h e e e e e e e e e e e e e e e s 1l
II. Categorization of Science and Technology Information Centers. 16
ITI. Analysis Of STICS v « v ¢ v ¢ o o « s & o & ¢ v v o o o o o 29
Iv. Tabulation of Operational Characteristics of Selected STICs . 35
V. References . ¢« v v v v ¢ v v v v v it t e e e e e e e e . . B7
VI. ConCIUSION '« v v v 4 4 & + 4 « ¢« 4 + 4 s « e o s v e e . . B9

PART THREE ~ DESCRIPTION OF LFARNING INFORMATION SYSTIMS. « + ¢ v ¢ . . . 71

I. Introduction. « v v v v v v e e e e e e e e e e e e e e e T2
II. The Teaching SItUAtION. « « v + o ¢ ¢ « o v o o o o s o« o « « 13
IIT. The Process of Developing Science learning Materials. . . . . 76
v, Programmed Instructional Materials . . . . . . . . . .. . . 83
V. Camputer-Assisted Instruction « « . & v v v v v v 0 v 0. . . 9]
VI. Audio-Visual TechniqQuUes « v v v v v v v v v v o o o v« o .+ . 9B
VII. The Self~Instruction System, "ALF". . . . . . . « .+ . .« . . . 99
VIIT. ConClUSION. + + & o + & o o o o & & o & « o + o « o « « + « 2103

D\,- REfemnCES . . s s s e e . . . . . . . . . . . . . . . . . . 0105




PART FOUR - DESIGN AND OPERATION OF THE STITE SYSTEM + + « « « « & o« .+ » » 106
I. Examples of Features of STITE and their Possible Uses . . . . . 107
II. The Teacher's Role in Use of STITE System « « v+ + ¢« « o « + « » 108
III. Operaticral Scheme of STITE v v ¢« v v v v ¢ o 5 v o o & o o » » 109
IV.  Design Concepts of STITE System + + v « v v v o ¢ « s « ¢ « & » 118
PART FIVE = LITERATURE SURVEY .. 4 v v vuv v v v v o o v o o o o« ¢ o o 4 o » 126
1. INtroduction. cov v o 6 v 0k v e e e e e e e e e e e e s e o 126
II.  Scope of the Literature SUrVEY + + v v v v o v ¢ v o o » o o o 127
IIT. Science and Technical Information Centers/Systems + . . . . . . 127
IV. Analysis and Design of Science Information Transfer Systems . . 129
V. Learming Systems and TOO1S '« v v v o v o ¢ o » » o ¢ « ¢« + o » 143
VI References .« v v v v o v s o v o 4 o o o o « 5 s o o o s o o o 159
VII. List of Sources Checked « + « « v v « v ¢ v ¢ v v v o o o« « 160
)
APPENDIX 4 v v v v 0 4 o v o 4 o o o 4 4 s v i 4 e s e e e e e e e e e s s 162
A, Sample of letter Requesting Information . « « « v « v &« & . + o 163
B. List of Institutions Contacted . « v v ¢« 4 ¢ v « « & o « « « o 164
C. Report of Visit fram Allen Hurmphrey of Institute of Library
Research v v v v v v v v ¢« v & o s & 4 o 4 4 « o 4 e o v e+ « 165

D. Interview of National Medical Audio-Visual Center « « « « « « . 166




SOME OF THE QOMMON ABBREVIATIONS USED

‘IN THIS REPORT

STITE - Scientific and Technical Information Transfer for Education
LIS - Leaming Information System
STIC - Science and Technical Informetion Center

e . - Universal Decimal Classification




PART ONE

GOALS AND OBJECTIVES OF RESEARCH




PART ONE

GOALS AND OBJECTIVES OF RESEARCH

I. INTRODUCTION

Research and development in the field of science information during
the past decade has resulted in the establishment of large banks of des-
criptive information and bibliographic data. Stored on digital and analog
media, these collecticns, along with the organization and dissemination of
their data and information, comprise science and technical information
centers, or science information systems.

So far, the almost exclusive clientele of science information
systems has been the commmity concermed with research, development and
production of either ideas or goods. It is logical that the scientific and
technical research community be considered as the principal beneficiary of
science information systems: the impetus for the establishment of these
systems was given by concern with the efficiency of scientific research
and development in a society in which both the quantity of science informa-
tion and the number and variety of its users have registered a substantial
growth trend. At the same time, however, the scientific research commmity
as a market is not characterized by either the volume or tl.e frequency of
infornnation use which would exhaust the capacity and potential of present-
day science information systems. It is thus very appropriate to inquire
whether the contents and services of these systems can be made available to
science endeavors other than research and development. The appropriateness
of this inquiry is unquestionable; science infornmation is a sccial and
national resource whose value potential is closely related to the level of
its prudent use.

In searching for other markets for science information, the obvious
direction is to look toward hunan activities which are heavily dependent on

information inputs fram external "science memories.!" Obviously, human



science learning is an example of such an activity which findamentally de-
pends on information transfer from external information sources into the
human mind, Science education, the organized social system for such
learning, is intuitively an attractive market for science information.

The notion of a symbiosis between science information and learming
is not new, although until very recently it has received little cvert
attention. Watson Davis [Ref.l],is reported having observed "a curious
lack of follow-up anong documentalists" to the Utopian idea of a '"world
brain" suggested by H. G. Wells--a centralized store of knowledge used
for education. More recently, the Interuniversity Communications Council
proposed to bring the contents of various existing and potential informa-
tion stores to bear on the educational process; after an initial perici of
enthusiasm [Ref.3], the concept still remains to be seriously explored, as
do the premises which led to the "networks for knowledge" Federal legisla-
tion of the mid-1960's. Apart from a few serious advocates of such a
symbiosis [Ref.4], the respective orientations of science information and
education have remained diverse, even on occasions when the two met to
communicate on a shared platform of educational technology.

Within the past yecar, however, several events are indicative of a
high level concern with the relationship of science information and educa-
‘tion. Prominent among these is a study by the Organization for Economic
Cooperaticn and Development entitled Information for a Changing Society
(OECD, 1971). In response to a major conclusion of this study (that "in-
formation systems of the futwre must be dynamic, capable of educating, and

adaptable to the changing educational systams of the world") OECD recom-
mends that "evaluation of educational requirements of modern societies
should take account of the need for information transfer systems that are
better adapted to the continuing re-education ¢f adults."

In a parallel vein, specific attention has now been dravm to the
necessity of adapting science information systems to the science educational
process and systen of the futwre: "The information systems stimulated by
the National Science Foundation have herctofore focused primarily on the

needs of specialists; greater attention should be paid to the life-long



educational process of the [scientific] non-specialist" [Ref.2].

IT. - SCIENCE INFORMATION AND EDUCATION

In the context of the work reported here, science information is
defined as recorded knowledge, usually in the form of primary publications
stored on analog or digital media, emanating from the intellectual work of
the scientific and technical commmity. The management of the inventory
of science information, and the enhancement of its utility to mankind, are
the primary purposes of science information systems. In the attempt to
meet these purposes, science information systems collect, evaluate, orga-
nize and store science information, and they provide tools for its purpose-
ful use. In modern science information systems, the tools comprise
primarily devices and mechanisms for accessing science information--de-
vices and mechanisms such as descriptive notations, indices, abstracts,
searching methods, ete. The finction of science information systems may
be said to be that of a couple between science information and its users,
insofar as present-day systens are generally limited only to the storage
of science information surrogates.

In their role of searchable bibliographic directories the use of
science information systems is not limited to the research commmity; their
use by others depends, however, on their need for science information and
on its utility. For reasons which remain to be carefully assessed the use
of science information systems in science education has been sporadic, and
largely confined to individuals engaged in research rather than in
scientific or technical instruction or learning. It is quite apparent
that the flow of science information into science education is characterized
by discontinuity, lack of intensity, and time delay; hence its utilization
in science education is suboptimal.

Unlass the use of science information systems in science education
is to be for purposes other than an occasional bibliographic search on a
topic of romentary interest, the possibility of an effective flow of
science information into education appears 1o be predicated on the existence,




availability and use of extermal, manipulable stores of learning materials.
A direct flow of science information from its repositories into the highly
wolatile and transitive environment of live classroom instruction is dif-
ficult to imagine; the updating of the knowledge of human instructors is

an idiosyncratic process of habitual characteristics which are not easily
modified. On the other hand, stored learming materials (textbooks, in-
structional films, etc.) are a solid client of science information services,
and & strong element in the educational process.

The realistic possibility of an intensified influx of science in-
formation into instruction and learning in the sciences is therefore given
by the recent emergence and development of "learning systems," broadly de-
fined as technology-aided instruction/learning facilities which allow
leamers to interact with organized learning materials stored in an animate,
manipulable device or memory. The nore powerful of these systems azze "econs-
versational"-~that is, interactive systems which provide, in addition to a
modular store of learning materials, nodels of the live interaction between
a student and a human tutor. Despite the relative siinplicity of the
present-day models, the conversational 1ea:n:i_ng systems hold promise of
being able to sustain realistically the process of self-instruction.
Purthermore, given certain types of mamories of learning materials to sup-
port the self-instruction process, it is possible to consider science in-
formation as constituting an important input into these systems.

IIr. RESEARCH OBJECITIVES AND PHASE T TASKS

The objective of the proposed project is to study, design and ex-
perimentally evaluate man-machine mechanisms for enhancing the transfer of
science information from its present repositories into science learning
systens,

The postulated mechanism for the transfer of sclence information
into learning systems, which can only be sketched at this time, is
illustrated in Figure 1. The main characteristic of this transfer

mechanism is the use of certain outputs of science inforsation systenc,




enhanced and modified as appropriate, as inputs to the leaming cystems.
The transformation of the outputs, and the ease and economy with which the
transfer can be accomplished, are the crucial aspects of the mechanism.

It is unlikely that the process can be performed fully automatically;

rather,

the educator-author is the key human interface responsible for

the transformation of information.

science
has the

Within its general objective of investigating the mechanisme of
information transfer into science education, the ongoing research
following specific goals:

1. To describe operationally the human process of transforma-
tion of snience information system outputs for the purpose of
integrating them into the content of ALF~type learning systems;

2. To investigate comparatively the design and operating charac- -
teristics of science information systems and ALF~type science
leaming systems, particularly from the viewpoint of requirements
for transferring information between them via a man-machine
interface;

3. To implement an experimental design of limited transfer
mechanism from appropriate existing science information systems
into an AlF-type science learming system, and to evaluate
selected aspects of that mechanism.

The findings of the proposed research should result in conclusions

concerning the minimun design requirements for the compatibility of science

information systers and science learning systems, and in an evaluation of

an operational method for a rapid integration of up-to-date science in-

formation into the content of modular facilities for self-instruction in

sclence.

In the first phase of the projcct, research efforts were focused on

the following tasks:

1. Analysis of relevant paramters of existing science information

systems.,
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2. Human interface characteristics for science information
transfer.

3. Investigation of design alternatives of the SIITE system.
The above tasks and the state of research are described in greater

detail in the remaining sections of this report. An initial, although not
yet complete, review of relevant literature is also included.
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PART TWO

ANALYSIS OF SELECTED SCIFNCE AND TECHNICAL

INFORMATION

I. INTRODUCTIQN

The prominent products of research and development in science/technical
information of the past decade are large banks of descriptive information and
bibliographic data stored on digital and analog media. The collection, organi-
zation, and dissemination of this information and data comprises the so called
"Science and Technical Information Systems/Center (STIC), whose services typify
the current level of development of the information industry - the establish-
ment of computerized information utilities and services of different types and
purposes. Science and technical information centers differ widely when consid-
ered from the viewpoint of the degree of automation, the depth and breadth of
subject coverage, their sources of information. their operational characteristics
and their availebility to user community. By user community is meant the total
user population of the center.

The distinctions between different science information systems also re-
late to the fact that there are various methods for each of the stages of opera-
tion, such as acquisition, record keeping, library processing and loans, storage
of the sources, information dissemination, information searching, information
retrieval etc,

The science and technical information system/center can further be de-
fined as an information service system which operates in an environment which
includes both inforimation to be processed and a population of users who require
various portions of this inforination in order to achieve certain goals, For
example, the goal of the proposed science information transfer system, STITE, is
to design learning rmaterials and to update them periodically, thereby enhancing
the effectiveness of the learning systems in modern educational methods.

The following fisure delineates the major subsystems/components of the
proposed systen.

1u
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The above figure shows the information flow in the proposed STITE system.
The main aim of this research project is the design of this central system. As
technology advances and brings dovm the cost of equipment, such as audio-visual
equipment and data trensmission devices, there will be innovations and modifi--
cations in learming information systems (LIS). This will continually alter the
information requirements of LIS, and consequently its interactions with the
STITE system will enhance with time.

As it is anticipated at this phase of the project, the STITE system would
be an intermediary office between the LIS and STICs with computing and data
processing facilities. On the basis of requests from the educator community
(i.e. LIS), the STIIE system would interact with STICs according to some pre-
programed fashion and according to its intended purpose, it would acquire the
necessary information from the STICs and provide the same to the appropriate LIS.
The selection of media for information transmission between the componients of the
proposed systaa, as showil in the above figure, is one of the main features of
the desipn of the proposed information transfer mechanism. It can be antici-
pated that there would be a gradual transition from off-line to on-line, and
from batch to real-tire transmission.

A few basic assumptions ar: made concerning science inforration systems

and the design philosophy of the proposed scicnce information transfer system.
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1) The science information centers will have direct contact. or contact
via an intermediary office, with the user community on an initiative as well as
on a responsive basis.

2) Not all of the learning systems will require the transfer of information
from science information systems to learning systems. This variation will
necessitate further research defining the criteria for the use of STITE system
and identifying the courses that need updating with the science information to
be transferred from these centers.

3) There may be an additional performance requirement on these science
information centers to publish periodicals that will assist the educator com-
munity in the development of new courses to be offered to learners for enhancing
their knowledge with current research results.

4) It is further assuned that to determine the science information centers
to be accessed for the development of new courses in a given subiject area and to
facilitate the identification of centers that will provide the necessary science
information for updating the learning materials for modifying the course pre-
paraticn in a given subject area, it is necessary %o categorize these centers on
the basis of subject disciplines.

IT. CATEGORIZATION OF SCIFIICE AND TECHNICAL INFORMATION CEXTERS

As previously mentioned it is necessary for the STITE system to identify
the centers that will be contacted for reirieving the relevant information for
the educator community. As a preleminary step to this, it is reasonable to assume
that existing science and technical information centers should be categorized on
the basis of subiect disciplines. Each science information center presently
has a classification of information according to several profile interests in a
subject discipline. This facilitates retrieving from the store the portion of
the information that a particular user needs. Also it indicates that it is not
necessary to further categorize the centers on the basis of detailed profile
interests in a subject discipline.

Kruzas, in Ihcyclopedia of Information Systems and Service [Ref. 9],

gives a page description of approximately 1000 STICs, All entries include the

nar of the parent organizacion and the particular systaa, scervice or activity
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described, date established, other sponsoring organizations, head of the unit,
staff, description of system, scope or subject coverage, input sources, holdings
of recorded data, serial publications, non-serial publications, microform
services, magnetic tape services, and other services provided by the center, such
as abstracting, indexing, literature searching (computer as well as manual), data
collection and danalysis, network and cooperative programs.

Kruzas [Ref. 2], also gives 12 valuable indexes, the primary one of
which is the subject index. This has been the primary source of information for
the following subject categorization of STICs,

For convenience, science information centers have been classified on the
basis of subject disciplines into categories which correspond to the major subject
subdivisions of the Universal Decimal Classification (UDC).

If a STIC is listed under a particular subject heading then that is an in-
dication that STIC has some science and technical information in that subject
discipline. Here the categorization is broad, and there is a considerable degree
of overlapping between subject headings. Kruzas's listing of STICs in the sub~
ject index [Ref, 9],has been extensively used here,

11, CLTEGORTZATICN OF STICS IN SCIENCE

1. §cience

General Sclence

~-Information Interscience Inc. - Science Information Center.

~-Institute for Scientific Information.

~Johns Hopkins University - Center for Resea.ch in Scientific Communication.
~Ohio State Univ. - Mechanized Information Center.

-Penn State Univ. - Penn. State Tech. Assistance Progran.

-Quantun Science Corporation.

~Scientist' Institute for Public Information

-Smith, Kline, and French Labs - Science Information.

~U.S. Comnittee on Scientific and Technical Information.

-U.S. ilational fcadeny of Sciences - ilational Fescarch Council -
Office of the YToreipgn Secy.
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Mathematics

-American Mathematical Society - Mathematical Off print Service.
~Johns Hopkins University - Applied Physics Lab.

-U.S. Office of Education - ERIC Clearinghouse for Science and
Math Education.

-Univ. of Oklahoma Medical Center - lMedical Center Computing Facility.

Astronomy & Allied
Sciences

-angr%g%?o rjggrs;; : of Physics - National Information System for Physics

-U.S, Air Force - Aeronautic Chart and Information Center.

-U.S. National Oceanic and Atmospheric Admin. - World Data Centen A -
Upper Atmosphere Geophysics. !

-Wolf Research and Dev. Corp.
Physics

-fmerican Institute of Physics - National Information System for Physics
and Astroncy.

-Institute of Electrical and Electronics Ingineers - Information Service

Department.

-Johns Hopkins University - Applied Physics Laboretory - Information
Storage and Retrieval Project.

-U.S. Army - Materiel Command - Harry Diamond Laboratories - Scientific
and Technical Information Office.

-U.S. Atomdc Inerpy Cormission -~ Oak Ridge Hational Laboratory - Central
Research Library.

-U.S. Atomic Imergy Conmission - QOak Ridge National Laboratory - Nuclear
Data Project.

-U.S. Atomic Inergy Conmission - Oak Ridge lational Laboratory - Research
Materials Information Center.

-U.S. Burcau of Mines - Albany lMetallurgy Research Center - Thermodynamics
Laboratory - Contributions to the Data on Theoretical HMetallurgy.

-U.S. Burceu of Standards - Atomic Transition Preobabilities Data Center.




-U.S. National Bureau of Standards - Office of Starviimi
Data - National Standard Reference Data Systen.,

-U.S. Navy - Naval Research Laboratory - Teclnical il ®
~University of Calgary - Information Systems and Sorvioe.

-Stanford University Computation Center - Stanforxd itiy.i-0 [+ oo
Retrieval System.

~University of California -~ Lawrence Radiation Laboratorsy - Dereci.os
Particle Data Center.

Chemisg_rz

-Abbott laboratories - Information Services.
-Arerican Chemical Society - Chemical Abstracts Service.
~American Chemical Society - Division of Chemical Literature.

~American Cyanimid Company - lederle Laboratories - Research
Information and Retrieval Department.

~American Petroleum Institute - Central Abstracting and Indexing
Service.

~-Chemical Systems, Inc. ~ Computerized Structural Group Index of
Comuercial Organic Chemicals.

~Ciba Pharmaceutical Company - Scientific Information Center.
-De Soto Inc. - Information Center.

-Drug Information Association.

~-E11 Lilly and Company - Scientific Library.

-Ethyl Corporation -~ Research Laborcwtories - Technical Information
Services.

~Franklin Institute - Research Laboratories - Science Information
Services Department.

~Goodycar Tire and Rubber Company - Goodyear Atomic Corporation -
Information and Records.

~Hof{mann-La Roche Inc. - Management Service Department.

~Hooker Chemical Corporation - Technical Information Center.
-I1linois Institute of Tectnology - ITI Rescarch Institute - Computer
Search Center.

~-Towa State University - Institute for Atomic Resecarch - Rare-earth
Information Center.

~lockhced Alrcraft Corporation - lockheed Missiles and Space Company
Technical Information Center.
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-Norwich Pharmacal Company - Information Serwvices Division.
~-Plenun Publishing Corporation - Princeton Information Technology.
-Predicasts, Inc.

-Rensselaer Polytechnic Institute - Molten Salts Data Center.

~-Schering Corporation - Scientific and Technical Information Center -
Technical Documentation Department

-Science Databank, Inc.
-Smith, Kline and French Laboratories - Science Information.
-Southwest Research Institute - Information Services and Library.

-Squibb Institute for Medical Research - Science Information
Department.

~Stanford Research Institute - Chemical Informnation Services.

~-Texas A § M University - Department of Chemistry - Thermodynamics
Research Center.

-2} Company - Scientific and Technical Commmnications Department -
Fatents and Profiles.

-3M Company - Scientific and Technical Communications Department -
Technical Communications Centers.

~U.S. Army - Edgewood Arsenal - Industry liaison Office - VWiswesser
Chemical Line Notation System.

-U.S. Army - Electronics Command - Technical Information Division.

~U.S. Atomic Energy Commission - Oak Ridge National Laboratory -
Central Research Library.

~U.S. National Bureau of Standards
Center.

-U.S. National Bureau of Standards
~-U.S. National Bureau of Standards

~U.S. National Bureau of Standards
Molecular Ionization Processes.

-U.S. National Bureau of Standards
Energy Levels.

~U.S. National Burecau of Standards - Office of Standard Reference Data
National Standard Reference Data System.

-U.8. llavy - Haval Resecarch Laboratory - High Temperature Behavior of
Inorganic Salts.

Chemical Kinetics Information

Cnemical Thermodynamics Data Center.
Crystal Data Center.
Data Center for Atomic and

i

i

Diatomic Molecule Spectra and

-U.S. Patent Office - Office of Search Systems and Documentation -
Classification System.

~U.S. Public Health Service - lational Institutes of Health - Clinical
Pathology Data Processing System.



-University of California - lawrence Radiation Laboratory - Information
Research Group.

-Xerox Corporation - Central Information Center.

Earth Sciences

-Geoscience Information Society.
-Ohio State University - Institute of Polar Studies.

-U.S. Air Force - Aercnautic Chart and Information Center -
Technical Library Section.

-U.S. Army - Electronics Cormand - Technical Information Division.

~University of Michigan - Subsurface laberatory - Geologic Educational
Research Center.

-University of Tulsa - Information Services Department.

Paleontology

~~Arerican Geological Institute - Geological Reference File.
~Mclean Paleontological Laboratory - Information Services.

BiolOgX

-Biosciences Information Service of Biological Abstracts.

~I1linois Institute of Technology - IIT Research Institute - Computer
Search Center,

-Johns Hopkins University - Laboratory in Behavioral Physiology -
Comnunicaticns in Behavioral Blology.

-Universite Laval - Centre de Documentation.

~University of California - Lawrence Radiation laboratory - Infor-
mation Research Group.

Botanical Scicnces

~University of ldami - Morton Collectenea.

21
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2. Technology

Technical Sciences

-Anerican Petroleun Institute - Central Abstracting and Indexing
Service.,

~Battelle Memorial Institute - Columbus Laboratories - Strategic
Technology Information Analysis Center.

-Chevron 01l Field Research Company -~ Technical Information
Center.

-Dallas Geological Society - Geological Information Library of Dallas.

~-Esso Research and Engineering Compary - Company and Literature
Information Center.

~Esso Research and Engineering Company ~ Ingineering Information
Center.

-Ethyl Corporation - Research Laboratories - Technical Information
Services.

~General Dynamics Corporation - Convair Aerospace Division ~ Library
and Information Services.

-Harvard University and Massachusetts Institute of Technology - University
Information Technology Corporation.

~-Illinois Institute of Technology - Institute of Gas Technology
Technical Information Services.

-Indiana University - Aerospace Research Application Center.
-Interuniversity Communications Council.

-Johns Hopkins University - Applied Physics Laboratory - Information
Storage and Retrieval Project.

-lockheed Alrcraft Corporation ~ lockheed Missiles and Space Company -
Technical Information Center.

-Marathon 0il Company - Denver Research Center - Technical Information
Section.

-Martin Marietta Corporation - Technical Information Center.

~lobil Research and Development Corporation - Field Research Laboratory -
Technical Information Section and library.

~North American Pockwell Corporation, Inc. -~ Acrospace and Systems Group
Technical Information Frocessing System.

-Sandia Laboratory - Technical Libraries Department.

-Southwiest Regional Iaboratory for Bducational Research and Developrent -~
Computer Center.

~United Alrcraft Research Laboratories - United fAdreraft Corporation
lLibrary Systen.
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-University of Iowa - Iowa Educational Information Center.

-University of Southern California - Western Research Application
Center.

-University of Tulsa -~ Information Services Department.

~University of Utah - College of Engineering - Solid Rocket
Structural Integrity Information Center.

-U.S. Anny - Electronics Command - Technical Information Division.

-U.S. National Aeronautics and Space Administration - Manned
Spacecraft Center - Technical Library.

-U.S. National Aerconautics and Space Administration - National
space Science Data Center.
~-U.S. National Aeronautics and Space Administration - Scientific

and Technical Information Facility.

-U.S. National Aeronautics and Space Administration
Technical Information Qffice.

-U.S. National Oceanic and Atmospheric Administration - Scientific
Information and Documentation Division.

-U.S. Navy - Naval Research laboratory - Technical Library.

-U.S. Office of Education - ERIC Clearinghouse on Educational Media
and Technology.

-Wolf Research and Development Corporation.
~World Data Center A - Rockets and Satellities.

Scientific and

]

Medical Sciences

~-Abbolt Laboratories - Information Services.
~-American Medical Association - Archive - Library.

-Canada - National Research Council of Canada - National Science
Library of Canada - Health Sciences Resource Center,

~-Catholic lospitals Medical Education Foundation - Medical
Literature Information Center.

-Ciba Fhanmaceutical Conpany - Scientific Information Center.
~John Crerar library - Research Information Service.

-Imcerpta Medica Information Systems, Inc. - Automated Storage and
Retrieval System of Drug Literature.

-tiouston Academy of lMedicine Library - Cooperative Automated
Circulation Systernt.

~Institute for Advancenment of Medical Conrmnication.
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-Lowry~Cocroft Abstracts.
~Mead Johnson and Company - Medical Serwvices.
-Medical library Center of New York.

-Memorial Sloan Kettering Cancer Center - Memorial Hospital for
Cancer and Allied Diseases - Communication and Computation Center.

-Mid-Continental Regional Medical Library.
-Pacific lorthwest Regional Health Sciences library.

~Pharmaceutical Manufacturers Association - Science Information
Service.

-South Central Regional Medical Library Program.

~Scutheastern Regional Medical Library Progran.

-U.S. National Library of Medicine.

-U.S. National Library of Medicine - Lister Hill National Center

for Biomedical Conmunications. .

-U.S. Hational library of Medicine -~ Medical Literature Analysis and '
Retrieval System.

-U.S. National Library of Medicine - National Medical Audiovisual
tar‘l

-U.S. Public Health Service - National Institutes of Health -
National Institute of Arthritis and Metabolic Discases - Office of
Scientific Commmunications.

-U.S. Public Health Service - llational Institutes of Health - National
Institute of Mental Fealth - Division of Harcotics Addiction and
Drug Abuse - Addiction Research Center.

~U.S. Public Health Service - Mational Institute of Occupational Safety
and Health - Scientific Reference Service Branch.

~U.S. Smithsonian Institution - Science Information Exchange.

-U.S. Veterans Administration Hospital - Automated Hospital.Information
System,

~University City Science Center.

-Wyeth laboratories - Scientific Information Section.
Ingineering
-American Petroleum Institute - Central Abstracting and Indexing Service.

~Anerican Socicty for letals - Metals Information Systen,

-John Crerar ldibrary - Research Information Service,
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~-Engineering Index, Inc. - Information Services.
-Engineering Societies Library.
~-Engineers Joint Council.

-I1lirois Institute of Technolegy - IIT Research Institute ~
Computer Search Center.

-Information Interscience Inc. - Science Information Center.

-llorth Carclina Board of Science and Technology - Science and
Technology Research Center.

-North Carclina State University - D.H, Hill library - Technical
Information Center.

-Nova Scotia Research Foundation - Technical Services Division.

-U.S. Army - Cold Regions Research and Engineering Laboratory - Cold
Regions Information System.

-U.S. Army - Corps of Engineers - Office of the Chief of Engineers -
Scientific and Technical Information Division.

-U.8. Army - Missilie Command - Engineering Documentation Division
Documentation Automated Retrieval Equipment.

-U.S. Army - Tank-Automotive Command - Engineering Drawing
Depository.

-U.S. Army - Watervliet Arsenal - Technical Information Service QOffice -
Benet Laboratories.

-U.S. Defense Supply Agency ~ Defense Industrial Supply Center -
Technical Document Supply Center.

-U.S. Departiment of Commerce - National Technical Information Service.

-U.S. Department of the Interior - Department of Reclamation - Infor-
mation Storage and Retrieval Project.

-U.S. Library of Congress - Science and Techriology Division

-U.S. Library of Congress - Science and Technology Division -
National Referral Center.

-U.S. National Purcau of Standards - Office of Engineering Standards
Services - Information Section.

-U.S. Navy - Naval Postgraduate School - Dudley Knox Library.

-U.S. Navy - Naval Ship Systems Command - Scientific Documentation
Division.

-U.S. Patent Cffice - Office of Search Systems and Documentation
Classification Systen.

-University of Calgary - Information Systens and Services Division.
-University of MNebraska - Hebraska Ingineering and Business Services,

-University of Hew Mexico - Teclnology éApplication Center.
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-University of Southern California - Western Research Application
Center.

-Virginia Polytechnic Institute - Extension Division - Virginia
State Technical Services.

-Western Electric Company - Engineering Research Center - Infor-
mation Science Department.

~Whirlpool Corporation - Information Center.
-Xerox Corporation - Systems and Services for Libraries.

Agriculture

-Monsanto Company - Information Center.

-South Dakota State University - Institute of Irrigation Technology -
Information Services.

~U.S. Department of Agriculture
Information Division.

-U.S. Department of Agriculture
System.

~U.S. Department of Agriculture
Information Service Branch.

~U.S. Department of Agriculture - National Agricultural Library.

-U.S. Department of Agriculture - National Agricultural Library -
Agricultural Sciences Information Network.

Agricultural Research Service -

Current Research Information

Foreign Agricultural Service -

-U.S. Depariment of Defense - Defense Supply Agency - Defense
Docurentation Center,

-University of Miani - Morton Collectanea.
Business

~Conference Board, Inc. - Division of Information Service
~De Soto Inc. Information Center.
~Monsanto Company - Information Center.

~North Carolina State University - D. H. Hill Library - Technical
Information Center.

-Oregon Total Information System.
-Predicasts, Inc.

-Southern tethodist University - Industrial nformation Services.
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~-Stanford Research Institute - Long Range Planning Service.
-Stanford University Libraries - Technical Infornation Service.
-U.S. Department of Commerce - National Technical Information Service.

-University of Minnesota - Walter Library - Technical Information
Service.

-University of Nebraska - Nebraska Engineering and Business Services.

-Virginia Polytechnic Institute - Extension Division - Virginia State
Technical Services.

Chemical Technology

-American Chemical Society -~ Chemical Abstracts Service.

-B. F. Goodrich Chemical Company - Technical Information Center.
~-Monsanto Company - Information Center. .
-Southwest Res. Institute - Information Services and library.

Metallurgy

-Anerican Society for Metals - Metals Information Systen.

-Battelle Memorial Institute - Colurmbus Laboratories - Defense
Metals Information Center,

-Belfour Stulen, Tnc. -~ Mechanical Properties Data Center.

- Goodyear Tire and Rubber Company ~ Goodyear Atomic Corporation -
Information and Records.

~Towa State University - Institute for Atomic Rescarch - Rare-
Earth Information Center.

~lockheed Aircraft Cormoration - Lockheed~Ceorgia Conjany Scientific
and Technical Information Department.

~Lockheed Aircraft Corporation - Lockheed Missiles and Space Company
Technical Information Center.

-Reynolds Metals Company - Technical Information Services, Research
and Developrent.

-Tin Research Institute, Inc. - Technical Service Center.

-U.S. Ay - Vatervliet Arsenal ~ Technical Information Services.-
Of fice - Benet Laboratories. :
~U.S., Bureau of Mines - Albany Metallurgy FResearch Center - Thermo-
dynanics leboratory - Contributions to the Data on Theoretical
tetallurey.
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Manufactures

-Nova Scotia Research Foundation - Teclinical Services Department.
-RCA Corporation - David Sarnoff Research Center.
-Southwest Research Institute - Information Services and Library.

Building Materials

-U.S. General Services Administration - Office of Public Affairs.
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III. ANALYSIS OF STICs

The science and technical information centers are analyzed from the
viewpoint of output ddta specification since the concermn of the project is
with science and technology transfer from these centers into educational
institutions, The analysis does not include structual features of the STICs
such as configuration, allocation of processes in the system etc. Attention
is focused on important parameters of STICs and little attention is given to
system processing features.

The mechanization/automation of most of the science information centers
is oconcentrated mainly in the following stages:

~non-selective dissemination of information via bulletins, abstracts,

or bibliographics

~selective dissemination of information

-subject selection of articles

The introduction of machines into information processing could yield
good results if used simultaneously at all the above three stages in:

-compiling bibliographic listings, indexes, etc.

~-selective dissemination of information on the basis of interest

profiles

~answering individual request by selecting relevant documents

1. Characteristics of Processed Information

Analysis of the characteristics of processed information leads to a
focus mainly or. the initiative and responsive output of STICs which are defined
in section III.2. Since science and tecdhnical information from STICs will be uti-
lized in educational institutions, they are analyzed according to the forms of
output that are available from STICs. [Sec. III.3] 1In Sec. III.5, some of the

interactions belween the user and the system are discussed.

2. TFunctional Categorization of Information

As information is manipulated and processed in the system, it wnder-
goes various transforimation which make it desirable to re-define the information
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"packages" by type at various stages of the process. Of the several functional
categorizations of information, those categories relevant to the STITE pro-

ject will be initiative outputs and services and responsive outputs and sources.
Less emphasis will be given real-world inputs, system-oriented inputs, and system
stores.

2.1 Initative OQutputs and Services

One of the main functions of an information service system is
to provide effective dissemination of information to the user
population. As a result, information may be classified in terms
of the types of initiative outputs and services which the system is
to provide. This information will assist the educator communi.ty
in the development of new courses in a subject discipline.

2.2 Responsive Outputs and Services '

The other service function of STICs is to provide services in
response to user requests. Information may therefore be categorized
in terms of the types of responsive outputs and services to be pro-
vided by the system. These outputs and services will aid the
educator comumity in updating the teaching materials and modifying
for other purposes ocourses currently offered in educational institut-

ions.

3 Output Data Specification

In the design of the proposed STITE, a specification of the output re-
quired by the several user communities is to be made. This may require some of
the STICs to do some additional prograrming work or to modify their existing
programs,

The general input information types to STICs are the following:

~composite works (journals, proccedings, etc.)

-monographs (books, moncgraphic series, etc.)

~researen and developrnent reports

~secondary publication (abstract joumals)

~research - in - pProgress reports
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Initiative output products from these centers for assisting the
user/educator commumnities in developing new courses in a chosen subject area,
could be the following:

-announcenent lists

~-book~form catalog

~research-in-progress index

~-biographical index - directory etc.

The responsive output products from these science and technicat in-
formation centers, in response to user requests, should be of the types that
would assist the educator community in updating their teaching materials per-
lodically, thereby enhancing the effectiveness of the teaching systems. These
responsive outputs will be the following:

~-demand bibljiographies

-specific documnt search

~hard copy retrieval

~-state-of-the art report

4, Methodology for the Analysis of Output

Some of the learming/teaching systems may require the outputs from
STICs in a particular form, such as slides, videotape, magnetic tape, etc.
These requirements are to be analyzed in conjunction with the forms of output
that are obtainable from the existing sclence and technical information centers.,
It is assumed that a decision will be made at the design stage of the STITE
system. concaming whether the particular forms of information materials should
be developed at the respective user locations from the outputs the user re-
ceives from these centers in whatever form they are available, or whether recommen-
dations should be made to the existing STICs to provide their outputs in the forms
desirable to the users with a nominal fee for the cost incurred in preparing them.
At this early stage, 1t scors that the user conrunity will have to prepare its
learning materials in the desired forms from the information materials they re-
ceive from STICs. These aspects of initiative outputs, as well as the responcive
outputs, are yct to be studied in dotail, sinmdtancously with the analysis of the

teaching/leaming systems.
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5. Interactions Between the User and the System

The user/educator commmnity will request science information from
STICs and will evaluate the system by the relevance of the material received.
To design the proposed STITE system, it will be necessary to consider

-the determination of user requirements

-the interaction batween the user/educator commmity and

the system

~-the various types of retrieval requests

The user/educator commmnity may conceivably approach these STICs
either directly or via an intermediary with a need for modifying or updating
teaching materials in a given subject area.

In traditional libraries, the user has many options. He may request
help from a reference librarian, he may browse through the open stacks of
books, or he may use the card catalog. Although the information center, part-
icularly the automated information storage and retrieval center, is organized
differently than the library, it must provide the user with a similar renge of
capabilities and services. Indeed, because of the high cost of automation, the
services provided the user should be more, certainly not less, than those provided
by a conventional library. How to allow for maximum interaction between the
user and the science and technical information stored in an automated system
might be one of the main design problems.

6. User Request Analysis

The different types of user requests and their implications for STITE
system design can be sumarized as follows:

6.1 Request for a Specific Document or Article - The most frequent
request received by an information center is for a specific document
or article. In an automated system, the document number from an index
file is obtained and then a copy of the document from the microfilm
store is retrieved and sent to the user by mail or the content of the
docurent is sent to the user via the existing commmication links.
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6.2 Requests for Information by Subject - Another common
request is for information on a particular topic, such as
docurents dealing with satellite commmication concepts.

In most of the existing science and technical information
centers, the system response to this form of request is

good., Generally the user wants relevant documents but not
necessarily all relevant documents, and he wants the material
in a reasonable pericd of time. Most information centers

have no difficulty in responding to this request.

6.3 Requests for an Exhaustive Search - Same user might re-
quest a state-of-the-art report on a particular topic in a
subject area. In fact, same research problems require that
the investigator make a systematic and thorough search through' .
all of the literature to determine whether or not the infor-
mation he needs has been reported elsewhere. These possible
needs of the users necessitate analysis of the existing science
and technical information centers in their capabilities of
handling such users' requests.

Finally users request information to keep abreast of develop-
ments in a given field, and there are now several publicat-
ions devoted to promoting current awareness in specialized areas.
(Chemical Titles, for example). Also various selective dis-
semination procedures attempt to provide information to the
specialist before he recognizes his own needs. These services
will be analyzed in greater detail at a later point.

7. Summary - The utility of the outputs from STICs for educational systems
is an essential consideration for the proposed design of a SITTE system. Carroll
{kef. 2], has gathered information from representatives of all known commercially

available tape services and lists this information under the following categories:
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-name of tape

~source

-~contact - representative for further information

~characteristics of the data base

~frequency of tape issue

-average number of source items per tape

~subscription cost or leasing details

~software availability

~type of in-house service offered

~publications produced from base by originator

A total of 56 services is listed in the Carroll report. Further study
on available scientific - technical tape services is being carried on.

From the viewpoint of the objectives of the project, it will be necessary
to make a survey of the experience of educators in the utilization of the services
previded by science information services. At present educational institutions
seem to use the services provided by these centers only in research work, and
little utilization is made for the purpose of enhancing the effectiveness of ed-
ucational tools and materials. Technology utilization by educational institutions
in these centers, such as the North Carolina Science and Technology Research
Center, Research Triangle Park, N.C., seems to be limited to the area of finding
information for graduate students in several universities that are a part of
he center,  Smetana and Walker [Ref. 15] announce some of the results of
"Literature Searches for Theses by Computer'. They deseribe the results of a
1two year program to provide low cost, computer-performed searches of the NASA
literature resource for graduate students. They fownd that 70% of the parti-
cipants( Users) from all fields were enthusiastic ebout the program, and most
felt that their rescarch improved. Smetana states that the majer complaint about
the program is the lack of breadth in the HASA information collection, parti-
cularly in the chemical area. Smetana also lists the nurber of searches and
their distribution by major field for a period of 2 years, and it is found that
graduate students from the field of mechanical singineering have the maximun
participation.

From the table, it is clear that most of the STICs offer magnetic tape

services, But quite a fow centers have magnetic tape services available for their
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intermal use only. Likewise quite a few centers have their microform services
available for intemal applications only. But most centers offer these services
on a subscription basis. llearly 50% of the centers selected offer a selective
dissemination of information service. A large number of centers offer services
such as abstracting, indexing, systems analysis etc., and for further details
of other services, see Kruzas [Ref. 91,

Almost all centers hawe hard copy retrieval, and most of the centers
are partially automated. The ragnetic tape-oriented data bases have primarily
abstracts and index catalogs on tapes, and a few centers have the entire text
on the data base.

From the above analysis, it is apparent that there are virtually no
STICs which give science and technical information in the form of film, movies,
videotapes, slides or any other forms that can be readily used in an audio-visual
instructional system. From this it can be inferred that the educator community,
on getting the information from STICs, will have to transform it to the particular
form that is compatible with their mode of presentation in the respective in-
structional system. Also it can be concluded at this stage of the project that,
in addition to hard copy retrieval, magnetic tapes offer a suitable mediun for
the transfer of science and technical information from STICs to educational
institutions.

Iv. TABULATION OF OPEPATIOHAL CHARACTERISTICS OF SELLCIED STICS

As is indicated Kruzas [Ref. 9], a large nurber of centers have re-
strictions regarding their available services. There are mechanized centers
which offer their services only to their employecs in their respective com-
panies, and they do not offer any services to the educator cormunity. These centers
are not included in the table. However in the subject classification of centers,
all the centers are mentioned.

In the table which follows, main operational features of a selected set
of STICs are suwnarized. The initiative outputs and the responsive outputs mention-
ed in III.2 are given in the table, as well as the existence of any microf rm ser-
vices, magnetic tape services, and selective dissemination of information ser-
vices, Data on microfarm services include form, size, and conditions of avail-

ability of microforms produced or distributed by reporting unit. (iote: In the
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table if the service is available, an X is placed in that column. For further
details of available services, see Kruzas [Ref. 9].) For magnetic tape ser-
vices, specifications and availability of formalized tape service, as well as
locally maintained computerized date bases, is indicated. For descriptions of
other in~house computer programs and applications and details of the centers,
see Kruzas [Ref. 9].

An ¥ placed in a colunm by a center indicates that the pariicular center
offers that service. If a column is left blank, it indicates that no information
is available or that it is wknown. In responsive outputs under colum 2, "Spec.

Document Search" is indicated in the table if the search in the center is a manual
one.
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VI, Conclusions

Currently the utility of the outputs from sclence information serwvices
for educational systems is being studied. Carroll has gathered information fram
representatives of all known commercially available tape services [Ref. 2], and
he lists the information under the following categories:

Name of Tape

Source

Contact - Representative for further information
Characteristics of the data base

Frequency of tape issue

Average nurber of source items per tape
Subscription cost or leasing details

Software availability

Tvpe of in-house service offered

Publications produced from base by originator

A total of 56 services is listed in the Carroll report. Further study on
avallable scientific - technical tape services is being carried on.

From the viewpoint of the objectives of the STITE project, it will be necessary
to make a survey of the experience of educators in the utilization of the services
provided by science information services. Au present educational institutions use
the services provided by these centers only in their research work, and little
utilization is made for the purpose of enhancing the effectiveness of educational
tools and materials. Technology utilization by educational institutions in these
centers, such as North Carolina Science and Teclhmology Research Center, Research
Triangle Park, N.C., is reported to be in the area of finding information for graduate
students in several universities.

In the Proceedinrs of the Arerican Sociely for Information Science, vol. 6,

[Ref, 151, Suetana and Valker announce some of the results of "Literature Searches
for Theses by Carputer”. They describe the results of a 1wo year program to provide
low cost, cusputer-performed searches of the NASA literature resource for graduate
students.,  They found that 70% of tae participants (users) from all fields were

enthusiastic about the program, and most felt that their research improved. Smetana
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information collection, particularly in the chemical area. Smetana also lists
the nunber of searches and the distribution of searches by major field made in
2 years, and graduate students from the field of mechanical engineering had the
maximum participation.

The main interest of the STITE at this stage is to analyze the outputs
from existing centers and to investigate ways in which present educational
systems can benefit by these outputs, assuming that there is a mechanism avail-
able for speedy efficient transfer. The goal of the project is to devise such
a mechinism, and further research will be directed towards designing such a trans-
fer mechanism and testing it in the experimental phase.
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PART THREE

DESCRIPTION OF LFARNING INFORMATION SYSTEMS

I. INTRODUCTION

During the past fifteen years or so there has been an increasing
volume of research which is seeking to improve the quality of academic
level instruction, and to increase the productivity and influence of

teachers through the development and organization of instructional

materials and subject matter, and the use of various instructional media.

During the same period many new communication tools have been developed
and are available for use. The motivation for this research on teachjng
and learning has come in part from the rapid growth in population and
from a predicted and actual lack of good teachers. This growing concern
to improve learning is also due to the great expansion of new informa-
tion and to the rapid antiquation of much previously learned knowledge
as the result of technological change.

A major task in the STITE project is to obtain a pragmatic under-
standing of the process employed by science educators in developing and
structuring science learning materials. The major component of the
strategy used to tackle this task will be a descriptive analysis of the
existing learning systems through the following sequence of actions.

1. Investigation of the "Socratic" situation in the teaching-
learning process.

2. Analysis of the process of developing materials (course
preparation, course development),

3. Description and design of programmed instructional materials.
4. Analysis of computer assisted instruction.

5. Analysis of audio-visual techniques.
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The teacher starts his lesson by presenting a stimulus to the student
which will provide sufficient challenge. This will cause the student to
call on his memory and his capacity for analysis, and so evoke an overt
respanse. This respense is fed back to the student's memory for future
reference and serves as a form of partial reinforcement. At the same
time, this should be noted and evaluated by the teacher who informs the
student whether he is right or wrong, thereby providing additional r&in-
forcement.,

After this evaluation, the teacher must consider the next step in
the presentation of the lesson. Calling upon his previous experience of
teaching the subject, he may decide to change his original teaching plan
because of the nature of the student's response, i.e., he makes a tactical
decision which he relates to his strategic plan and which produces the
modified second stimulus. This appropriate stimulus is presented to the
student and the cycle is repeated. The teacher should note in his own
memory the subject.

This simple analysis, leads to an investigation of a more general
concept, that of course development. It should be noted that if a teacher
has a number of students in his class it will be virtuvally impossible for
him to arrive at tactical decisions which will satisfy the needs of each
and every student, for the situation of one student - one teacher rarely
exists in normal classrooms. This leads to an investigation of the
various techniques that are devised to improve the settings with larger
groups and subsequently to analyze the various teaching devices that have
been designed to improve the learming process.

III. THE PROCESS OF DEVEIOPING SCIENCE LEARNING MATERTALS

1. Course Preparation

The most appropriate unit of science learning materials is the
course. Several atterpts to define the "course" have been made: M. Fraut
[rRef.u],for example, defines it as "a separately time-tabled or separately

assessed teaching-learning wunit occupying fron one-half to one-quarter of




a student's time over one, two or three terms." Others define it as a set
of units where a unit is an integrated part of information which can be
studied and assimilated by the learmer over night.

The STITE project appﬁoach will be to consider the course as a

system in which students, teachers, and learning materials interact and

to define the course development as a process of optimization of the

system.

Before analyzing the system, mention should be made of the most

common learning "experiences” that are used in course planning:

1.1 Materials:

1.2 Instructional
Metheds:

1.3 Assignments:

textbooks

supplemental required or opticnal
readings

current pericdicals

syllabi

slides

films

tapes

recordings

television

programmed materials

computer assisted instructions

lectures

discussions
demonstrations
problems

individual conferences
seminars

guest speakers

telcphone interviews

readings
problems
papers

oral reports
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1.4 Activities: - laboratory
- field trips
- observation
- intemships
- work experience
- travel
- public lectures
1.5 Evaluation
Methods: - objective tests
- essays
- papers
- reports
- participation

- self-evaluation

Obviously no one course of the common three-to five-credit variety
extending over one quarter or one semester can effectively erploy all the
preceding elements. Moreover, the choice of experiences made by the in-
structor is often related to his own activities and ideas rather than to
the objectives of the course. Thus as far as '"course preparation" is
concerned there is not a systematic way to analyse it and to devise a
prototype; all that can be gained is some insight into the teaching-
learning process.

2. Course Development

In considering the course as a system and in defining the
course development as an optimization process, a natural question arises
here: what is to be optimized? The answer will constitute the prupose of
tiie present section. The system being ccnsidered is an input-output sys-
tem with a very complicated functional relation from input to output.
Specifically three types of input can be defined.

2.1 The student input defined as a set of definite char-
acteristics in terms of knowledge, abilities, and attitudes.
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2.2 The teacher input defired as a set of definite char-

acteristics in terms of knowledge, abilities, experience and
record.

2.3 The material input defined as a set of constraints or
conditions on the expenditure and level of learning material.

Clearly, none of these factors is likely to be totally predetermined. There
is usually some scope of adjustment, and the implication of this is that

any attempt to define the functional relation which exists from input to
output in an input-output system will fail.

The output shall be primarily what students can do at the end of
the course.

It should be noted that the question of optimization is relative in
the sense that there are usually a nurmber of alternatives: one may aim to
inprove effectiveness by improving the student's performance at the end of
the course; one may aim to improve quality by raising the level of the
objectives of the course; or one can improve efficiency by reducing costs
and maintaining the same output. The best policy is usually to set general
guidelines for optimization at the beginning and to choose the appropriate
attributes according to the final objectives of the course (without urder-
estimating the requirements of the following course when applicable).
Morcover, assuming that an appropriate plan of action has produced < ver—
sion of a course, the next step would naturally be to evaluate and feed
the information obtained from tryouts into a revision process. Conse-
quently evaluation procedures must be used. There are several evaluation
procedures, among which are the formative cvaluation [Ref. 101, and the
sumnative evaluation. In for formative evaluation the ecnphasis is on ob-
taining the kind of information which leads to improvements in the quality
of the final version of the course, while in the surmative evaluation the
eimphasis is on totals and counts. In other words, one is more interested
in the reason why a student failed to grasp a concept than in precisely
hos many students failed to grasp it.




80

3. The Design Process

The following flowchart summarizes the main stages of the course
design process:

Analysis of Inputs
&
First list of
Objectives
Purther Specification J Problem Strategic
of Inputs Analysis Decisions
and Objectives
N\
Q
no
lave
Objectives Testing Subdivision
Been y the Whole of
chieve System the System

Implementation

Fig. 5




A beginning is made by investigating the inputs (the student input
and the course input) and by specifying the intended outcomes of the course
and what is to be optimized. Then a process of evaluation is selected and
the one used will be the fonmmative evaluation for at least some parts of
the course. This comitment to formative evaluation is necessary for the
develeprent and improverent of the course.

Now that the system is completely defined, the objectives of the
course, are specified, an appropriate set of methods of assessment is
selected,and a more precise analysis of the student input is made. Some
testing of students to see what knowledge and abilities they bring to
the course may be necessary. The the main teaching problems in a course
are defined, and an estimate about which areas of the course are likely

to cause the greatest difficulty is projected.

Following this problem analysis, some strategic decisions have to
be made. The course should be subdivided into parts with a definition of
the intended outcome of each part. Broad decisions about the type of
experience to be used in each part of the course must be made, and these
decisions obviously depend on the nature of the course. on the institution
vhere it is offered, and on the facilities available.

Now the previous precedure is applied to each part. Finally the
whole course is assembled, tried as a whole, and irplemented if the tryout
is satisfactory. If the tryout is unsatisfactory, the process may be re-
peated. (Clearly the cost factor plays as important role).

3.1 Further Specificaticn of Inputs - At the academic

level, not all students entering a course

will have the same capabilities and the same background. For some
courses this is not significant, but for others a precise knowledge
of student input is sometimes necessary to obtain the appropriate
evidence. It is particalarly important in this context to avoid
making the usual assumption that all students should be required
to go through all the course. Fitting a course to the average
student can sometimes lead 10 disaster: the below-average student

may be baffled and the above-averape student may be bored. It may,
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however, be necessary to maintain a minirim entry standard for a
course, and this is one possible reason for instituting a pretest.

3.2 FPurther Specification of Objectives ~ This is a very critical
phase of course developrment. It can be devided into three stages
according to the three levels of objectives outlined by Scriven [Ref. 10]:

~ the conceptual level: the level at which discussions of

breadth versus depth and knowledge versus camprehension are

carried out and the structure of the course is outlined.

- the manifestational level: concerned with ways in which a
student's achievement of an cbjective can be demonstrated.

- the operational level: defines an objective in terms of the

precise reans by which it is to be assessed. Objectives at

this level are called "behavioural objectives'" because

ultimately objectives can only be assessed by observing some

aspect of a student's behaviour. According to Mager [Ref. 71,

the characteristics of a behavioural objective are as follows:

a. Specification of the kind of behaviour which will be
accepted as evidence that the learner has achieved the
objective.

b. Description of the important conditions under which the
behaviour will be expected to occur.

c. Description of how well the learner must perform to have
his behaviour considered acceptable.

3.3 Problem Analvsis - In this stage we try to locate areas of
the course which are likely to cause problems for teachers or students.
Sources of information on likely problems include research litera-
ture on teaching and learning, previcus performance in the course

or in similar courses, and experience of other institutions.

3.4 Strategic Decision - They include a description of the

teaching methods to be used and the learming material to be developed.
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Iv. PROGRAMMED INSTRUCTIONAL MATERIALS

Programmed instruction is coming to be regarded as a means of allow-
ing users to achieve important instructional objectives without the necessity
for the instructor's personal intervention as a "dispenser of knowledge."

The following aspects of the topic will be examined:

- Characteristics of the process itself.
~ Process of program development.,
- Sore types of programmning strategies.

1. Programmed Instruction - A Process

A process can be defined as a controlled sequence of events
leading to a desired outcome. Programmed instruction is a process. It is
a sequence of events leading to a set of desired instructional cutcomes,
each time the sequence occurring as designed. In fact Markle [Ref. 1] de-
fines instructional pregrams without reference to format: "We define an '
instructional program as a reproducible sequence of instructional events
designed to produce a measurable and consistant effect on the behaviour
of each acceptadble student .... Such a definition specifies neither the
mediun of presentation nor the theoretical psychological principles
governing program construction."

Perhaps here programmed instruction should be compared with

ordinary instruction.

According to Corey [Ref. 1], since programmed instruction refers
to a well-disciplined and experimental avproach to the development of
instances of systens of instruction, there are several characteristics cof
this discipline and experimentation that depwt fron most instances of
instructional planning. Some differentiating characteristics are the care
and explicitness with which the behaviors intencded to be the cutcomes of
instruction are described, the psychological sophistication of the analysis
cf these behaviors, and the experimental approach to sequencing the elements
resulting from this enalysis for instructional purposes, with vigorous
attention to empirical evidence for improving the instruction. Another

characteristic of programmd instruction is the careful developnent and
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control of the instruction stimuli or the instructional environments. More-
over prograrmed instruction is plamned to procure a continuous and explicit
response or activity on the part of the learner under circumstances that
allow him to know at ance whether or not his responses are appropriate.

Two additional characteristics of most instances of programmed
instruction have to do with the difficulty of the behaviors (standard or
level of performances) being taught and the relative self-sufficiency of
the instructional program in bringing these behaviors about.

Of course, many of the more familiar types of instructional
materials also have same of these characteristics. Textbooks, for example,
are usually carefully planned and developed, they lead the user from simple
or knovm concepts to those more camplex or sophisticated, and they facilitate
some self-instruction. However, the program is designed to develop student
behavior; the book is characteristically designed to present a given sub-
ject in more or less depth. The program is tested and modified until the
desired behavior is achieved on the part of the student; The book is
modified until either, colleagues, and publisher are pleased with the
content. |

Some advantages claimed for programmed materials are that they
permit individualization of instruction, can reduce the amount of time re-
quired to teach, can irprove the level of performance and reduce the
incidence of failure among students, and permit assessment of reasons for

successful and unsuccessful experiences.

2. The Process of Program Developiment

As a minimum, seven basic steps may be seen as required in
developing effective programmed instructional materials. They can be
diagraned in the following way.




Analyze
Intended
Results

State
Objectives

Develop
Criterion
Tests

Fig. 6

Re~work

& Improve
the

Program
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Thus the steps, in their usual order of occurrence, are:

86

2.1 Analyze and specify intended results - Define the scope of
knowledge to be acquired by the student and the details of the
task he must perform after instruction.

2.2 Analyze and pretest the student population to be taught -
Find cut who they are and what they know and can do before ex-
posure to the instructional program. This data should include
their physical characteristics and abilities, previous education
motivation, interests, attitudes, biases and prejudices, and

specific prior knowledge regarded as relevent to the instruction

ahead.

2.3 Develop and write down approriiate instructional

objectives

- These should be clear statements of instructicnal *

intent characterized as follows:

good objectives say something about students.

good objectives describe the behavior or performance
of users.

good objectives deal with ends rather than means,

They describe a product rather than a process.

good objectives describe the condition under which users
will perform the terminal behavior. (open book or not,
for example)

good objectives include information about the level of
performance to be considered “acceptable."

2.4 Specify the criterion tests - Criterion tests are con-

structed solely from the objectives. Their purpose is to determine

how weil students perform at the end of instruction with respect to

each important objective.

2.5 Write the pro,ram - Develop details of the program in

writing as

a plan based upon all the foregoing and following pro-

cedures. A major task connected with this step is that of

selecting or developing appropriate learming resources (such as
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programred books, ordinary books and other printed materials, various
non-bock media, firsthand experiences) and organizing their use to
achieve objectives of the program.

2.6 Evaluate the success of the program - Campare the final
performance of each student with criterion measures suggested for
each important objective, under the circumstances and within the
levels of acceptability prescribed.

2.7 Rework and improve the program - This is a continuing cycle
of activity which will involve further work with all aspects of
the program - delineation of objectives, clarification of criterion
tests, revision of program conient, development or selection of
improved learning resources, and better means of evaluation.

The following flow chart, constructed by the National
Society for the Study of Education [Ref. 1], shows the numercus
points of decision and testing involved in the empirical develop-
ment of complex instructional programs. It also emphasizes the
definiteness of intended outcomes as well as the structured nature
of the process itself (one step leading to the next, recycling as
necessary to irmprove the prodiet until it reaches its goals).
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3. Types of Programming

The known types of programming can best be classified in two
broad groupings:

3.1 Linear Programming - A linear program is one in which the
sequence of information presented to the student is fixed; that is,
all students are given the same stiruli in exactly the same sequence.
Two kinds of respcnse have generally been asked for in the linear
progran,

-A written or button-pressing indication that a correct

answer has been recognized (e.g. multiple--choice item)
-A written indication that an item has been learned or
understocd.

(These linear program patterns have a historical base‘in
the early work of Sidney L. Pressey and the more recent work of
B. F. Skinner). With both kinds of linear programming,
all students are required to complete the same items in the same
order of progression through the program. learning tasks are pre-
sented in small steps and with a large nurber of learning cues.
However, the ultimate objective is to use as few cues as possible
and to force the student to derive his answers from understanding
the frames. Reinforcement of correct answers is the primary
concern. The program rust be conpletely self-contained and ade-
quate to carry the student from start to finish without aid from
other sources. In linear programming, adaptation to individual
differences is not carried out by the program itself, but rather
by allowing each learner to take whatever amount of time he
requires to complete it.

3.2 Adaptive Programming - Here the presentation sequence is
ajusted on the basis of what the student does. A program may be
designed to be more or less adaptive; it may select the next pre-
sentation iter on the basis of student's response to the previous

one or on the basis of his responses to the last several items.
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Adaptive programming provides for individual differences.
Cne form of this type of programming is called "branching” (deve-
loped first by Crowder [Ref. u#]. With the branching pattern students
are required to recognize and to choose correct answers if they are
to proceed without '"relearning detours' (corrective assignments) or
if they are to skip program portions for which they already possess
sufficient skill or knowledge. Branching programs are provided in
 books, "scrambled books" or on machines (which use filmstrips and
present information and tasks on individual frames). Either way, the
student responds to a question and isf§directed to another page or
frame where this response is evaluated. There, if his response is in-
correct, he is given further information, usually including some
explanation of why he was wrong. He may be told to return to the
original page and try again, or he may be asked to go to a new
page for more information before trying a samewhat different
version of the same question.

Branching questions are not always dichotamized as "right"
or "wrong." Some questions or problems call for opinions or trouble
shooting decisions and so have more than one appropriate answer. In
the event that responses reveal same fundamental lack of knowledge
considered necessary to proceed with the program, students may be
subsequently "branched" into side studies to prepare them to take
the next steps in the "main line" of the progran.

3.3 The Evolution of Programming Strategies - The following
graphical outline suggests the idea of adaptability of a program
and the reason for different program presentation methods.
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‘ Most
Adaptive
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Carputer Highly Adaptive-sensitive to content

responses even possibly to personality
Electromechanical or to physiological responses

Mechanical Teaching Machine Branching-Limited adaptive based
upon 2 or more responses

Printed Paper Program

: Branching-based upon single previous
Teacher Lecturing responses; or linear program holder.

Branching or linear, as immediately
above,

Normally linear, with numerical
feed back and adaptation

[east
| j Adaptive
Fig. 8

3.4 Teaching with Programmed Materials - It is reasonable to
expect that all teachers ought to be prepared to learn how to use
programmed materials selectively, to learn to capitalize on the

special advantages of programmed instruction, and to be guided by
the knowledge that the primary aim of programmed instruction is to
improve learning,

V. COMPUTER - ASSISTED INSTRUCTICN - CAX

1. Types - Coiputer-assisted instruction has multiple definiticns
vhich are related to a variety of applications of such systems. Perhaps
the best functional definition was derived by Suppes [Ref.11],who identified

three kinds of activities as comprising CAI. These were namely:

- Drill and practive activities.
- Tutorial activities.
- Interactive or problem - solving activities.
Alrost all indications affirm that the primary area of interest
has been in the tutorial mode of instructicn., This mode clearly represents

the type of teaching which is currently available in proyramed instruction.




I'or example, a content area is systematically analyzed and performance
cbjectives are developed. The student receives all of his instruction in
a particular topic via an interactive dialogue at the camputer terminal.

The second type of CAI, the drill and practice type of activity,
is best represented by Suppes' activities at Stanford. The drill and
practice materials contain information which the student has previocusly
encountered in the classroom, but needs continual practice, immediate

feedback, and repeated presentations of difficult material in order to
achieve these basic skills.

The third area within the Suppes definition of CAI activities is
that of problem solving. CAI problem solving involves the activities of
sinulation or gaming. Gaming and simulation are often used when a student
already has the basic information about a topic. The tudent is rvequ:;_r*ed
to utilize this information in his interaction with the computer in order
to derive a deeper understanding of the concepts which he has learned. For
example, medical diagnosis simulation is a prototype of this type of CAI.
Games and simulations are generally very difficult to program, and this
area has probably been least investigated in terms of its learning poten-
tialities for the student.

2. CAI in the learning Process

Almost all opinicns agree that the use of computers for record-
keeping of instructional materials or even as aids to assist the teacher
in doing time consuming tasks (grading homework, exams, preparing grades,
etc.) is not worthwhile for a very simple reason: cost is prohibitive in an
operational setting at the present time. Furthermore the problem is not
to help the teacher but to enhance the chances of pramoting the learning
precess as a whole. To what extent one can combine effectively computer
use with existing teaching experiences (computer-based multi-media
courses) for the purpose of improving the lcarming process is still in
the rescarch and/or development stages.

However, an experiment in this area was carried out in Florida
State University [R2f. 6],to determine the useful aspects of the process.

92
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A physics course was chosen and the following actions were undertaken to
transform it into a canputer-based multi-media course.

The lecture presentations of the professor who was responsible
for the classroom version of the course were video-taped. This tape was
utilized to do an analysis of the content of the course and to determine
the information which was being presented to the students. Copies of the
course tests were secured, the types of skills which were required in order
to solve the questions in these tests were analyzed, and the homework pro-
blems which the students were required to do were also analyzed.

A series of CAI homework review problems was set up and made
available on an optional basis to the students in the regular physics
course. The students were offered an opportunity to get homework and
test-like questions which were similar to those they would be receiving
on the test. The computer supplied answers to the questions as well as
ranedial feedback and reinforcement.

A great deal of data was gathered and the video tapes were
used to go about the development of the individual lesson sequences. It
was decided to make the CAI physics course a multi-media «ourse, i.e., not
to depend solely upon the computer as the presentation device, but to take
advantage of film loops produced in experiments usually carried out by
the instructor in the classroom, the audio tapes which were compressed
versions of some of the lecture presentations, and the textbook which
the students wvicre required to read prior to starting a lesson.

The CAI system itself was used for monitoring and guiding the
students throughout the lessons, for continually reviewing their pro-
gress in both the testing and review mode, and for providing remedial
inforrration to them. The efforts of several professors froa the physics
departirent, vere combined with that of several "coders" (experts in the
CAT language utilized by their computer) and programrers to develop and
camplete the whole systerm. Finally, proctors were used to work with

students and to help them.




94

The outcame of this first study was a significant superiority in
the final grades of the students who tock the course by CAI as compared to

a matched sample of students from the conventional course. There was also
a considerable time savings.

3. Conclusions About CAI

A careful analysis of the preceding activities and of the results
obtained reveal the following propositions about CAI course (curriculum)
development:

3.1 The systems approach to the development of instructional
materials is introduced as a model (Dick's) [Ref. 3] ,and summarized
in a flow chart. The steps in the model are: problem identification,
analysis of the task, knowledge of the student population, formulation,
of behavioral objectives on the basis of the behaviors expected of
the students on the tests, specification of the instructional strategy,
media selection, field testing, and finally the formative evaluation.
Here the similarities between thir model and the steps specified in
the section titled "Course Development' should be noted.

3.2 The instructional model employed above was derived from the
results of nunerous rescarch studies [Ref. 6],conducted at the CAI
Center at Florida State University and elsewhere, which seem to
indicate that while tutorial CAI is an effective instructional
stratepy, it is unlikely that it is going to make a significant
impact on education because of the cost associated with one student
ulitizing a tenmainal for relatively long periods of time during each
instructional session. Therefore, other types of computer strategies
(simulation, on-line problenm solving, (MI) should be investigated to
determine the role they can play in education.

3.3 The higher the terminal criterion performance expected of
the students for whom the materials are prepared, the nmore difficult
will be the programaing of the course and the more canplex will be
the instructional strategy. These canplexities will camplicate the
developnent of instructional materials,
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In conclusion, CAI is a tool which should fit within a
curriculum and within instructional setting. That is, it should
not carry the entire instructional load but should be part of a
multi-media resource. One concept to keep in mind, however, is that
the greater the variety of media which one chooses to employ, the
more camplex will become the logistics for the student and the more

difficult the total implementation process.

Finally, the very nature of the CAI system makes it a very private
learning situation in which the student can make numerous mistakes and the
computer will continue to provide him with the type of material which he
needs in order to master certain basic skiils. The same situation repeated
in a classroom could be enbarrassing and humiliating. Moreover, the com-
puter has infinite patience and can even be supported in its interacting
with the student.

VI, AUDIOVISUAL TECHNIQUES

In this section the use of audio visual techniques, their research
evaluation, and various theoretical interpretations of their significance
will be surveyed. The techniques of educational broadcasting, particularly
the use of educational television will also be considered. The main pro-
blems and challenges of audiovisual education today revolve arcund the use
of television, which not only constitutes a new and important technique in
its own right, but also serves as a means of utilizing and integrating

all other forims of audiovisual instruction.

1. Iducaticnal Significance of Televisicon

All indications are that radio broadcasting orginated in educa-
tional purposes, but while educational radio has extended university in-
fluence in several special areas, it has not influenced classroom teaching
techniques to any great extent. On the other hand the educational signi-
ficance of television was vecoynized from its inception, but the costs in-
volved delayed its application to educational puryoses.  However, with new

secording techniques, it is no longer the cost factor that is delaying the




97

use of 2ducational television but the importance given the camputer in all
research in science education.

Educational television makes use of two types of transmission: broad-
cast or open-circuit, and closed-circuit. The latter uses closed-circuit
camera-monitor chains linked by wire and is less expensive. Color televi.-
sion and stereoscopic television have limited use in education. Color
sametimes is used for medical and biological demonstrations, and stereo-
scopic displays are valuable in training remote control techniques. Tele-
vision recording capabilities make possible the storage of unusual dermon-
strations for instructicnal use, and immediate playback of a televised re-
cord is valuable in training in complicated or dangerous skills.

Educaticnal television is a natural medium for many specialized demon-
strations of laboratory, therapeutic, and medical procedures. However, much
educational television teaching is conventional in nature, following

established procedures of lecturing with coordinated visual displays.

The point has been made earlier that one of the most significant
characteristics of television as an educational medium is that it can incor-
porate all other forms of audiovisual display, i.e., any type of visual or
auditory material can be transmitted by means of television. There is a
teaching system called "telemation" which does indeed incorporate all audio-
visual techniques but in a somewhat more elaborate fashion than that pro-
vided by television alene. The main purpose of telemation is to provide
four or five sources of audiovisual stimulation to the student automatically
and, if desired, sirultancously. Telemation has been referred to as an
automated classroon. The audiovisual equiprent is: two slide projectors,

a movie projector, a tape recorder, teleprompter units, an opague pro-
jector, a four-speaker sond system, controlled lighting, a television
projector, and an elaborate system of electronics to control all these. The
cost of nedifying a classroom and installing the equiprent is quite high.
forcover no educaticnal advantaye has been achieved with the telcmated
classroan that could not have lxen gained with simpler equipment at a

fracticn of the cont.
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Finally the common motivacional interpretation is that audiovisual
devices function as aids to learning by arcusing interest and orienting
the student in the right direction.

2. Evaluation of Audiovisual lLearning

The main results may be sunmarized as follow-:

2.1 Studies of the motivational effects of films and graphics
have had inconclusive results. There is no conclusive evidence
that interest in instructional materials correlates highly with
their teaching effectiveness.

2.2 Audiovisual techniques in common with other instructional
methods have very specific learning effects. Films may be equal or
superior to conventional methods for some areas of learning, includ-
ing training in perceptual-motor skills. Tape recorded lectur\:;s may
be as effective as live teaching for limited purposes.

2.3 The audio chamnel is more effective than print only for
poor readers or when the material is easily understcod. Evidence
indicates an advantage for cambined channels over a single channel,
although the addition of pictorial material to verbal sometimes
retards learning of the specific items used.

2.4 Evaluation of audio-visual instruction «~e hampered by the
fact that there are no adequate tests of nonverbal learning. Verbal
tests favor verbal instruction and thus do not permit valid com-

parison between verbal and nonverbal redia.

2.5 There are no general rules for sequencing demonstration,
ractice, and review units. The optional sequence appears to depend
) | !

on the camplexity and intrinsic organization of the particular task.

2.6 In general, active participation during film showings aids
learning, but covert participation may be just as beneficial as
overt.  Audiovisual materials should be desipgned to elicit the

desired responses, either overtly or covertly.
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2.7 - Special embellishments of films and graphics do not increase
learning unless they aid specifically in making important discrimina-
tions or in pramting understanding. Devices that call attention to
important points aid learning of those specific points.

2.8 There are no significant differences between the effectiveness
of television teaching and that of conventioral teaching.

2.9 Although "educational television" is judged to be an effective
way of demonstrating laboratory and other procedures, some evaulative
studies have turned up no significant differences between the achieve-
ments of television and that of verbal laboratory instruction.

2.10 The final worth of educaticnal TV rust be judged on the basis
of what it can do better than other techniques. Its special features
are remcte transmission of audiovisual displays, immediacy, presenting

demonstrations, expert teaching and timely events, and recording and
retrieval possibilities.

VII. TiE SELF-INSTRUCTION SYSTEM, "ALF"

1. Conponents of A Self-Instruction System

Slamecka of Georgia Tech describes a self-instruction system as
a tutorial system characterized by the abscice of the live instructor as
the dispenser of knowledge,

The components of a self-instruction system are a structured
merory and a prograned preceptor.  The memory stores learning materials
in a form suitable for transmission and for perception by remotely located
leaners. It contains learning units of variable length, stored in a
form suitable for perception by the learmer throush his aural end visual
senses. The minirum necessary storage includes the primary information
contained in a black beard lecture, i.e., synchronized narrative speech
ani kinectic graphics. Lach "audio-graphic" learning unit is identified
with regpect to its objective (learning goal), and is linked to its pre-

ceding prerequisite unit or units. Thus {or any given learning soal the
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optimal, the shortest, and the alternate "lists" of learning units can be
specified. Additional description of learning units by subject permits the
identification, via an index, of subject-related presertations.

A programmed preceptor controls the transmission. It is programmed
to transmit learning materials fram mrmory to remote locations such as
classroom and other types of conveniently located learning sites.

The control over the system is partially vested in the programmed
preceptor, and in part it resides with the learner. User-imposed control
over the system is of 2 types. On-line control gives the learner the
ability to starz, stop and repeat a presentation and to jump at any time
to any other learning unit in the system. Using these comaands. learner
can orient the selection of learning units offered by preceptor, and in
such a manner participate, on line, in the design of his learning strategy.
There is a second control mechanism which interposes between learner and
preceptor the services of a hunan tutor; it is tantamount to an appointment
or a conference with a teacher prior to overriding the programmed preceptor.
Incurred in this type of control will usually be a time delay.

The self-instyruction system operates in two modes, scheduled and
on-demand. Scheduled operation is authorized by preceptor programmed to
" release a predetermined schedule of presentation, each rumning for a
specified period of time to specific learning sites, and at specific times.
In the on-demand mode, preceptor receives and responds to requests for
transmission of randam learning units or unit sequences issued fran open
classrooms.  Both rcces of self-instruction can serve, optionally, either

group audierces (c¢.g., a class) or individual learmer.

The gelf-Instruction system can be showm schematically as
follows:
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Memory Learner

Preceptor On-Line Control

- (e )
N

Fig. 10

2. Audicgrephic learning Facility (ALY)

—————a

2.1 Objectives- The Audiographic Leaning Facility is an
example of a self-instruction system. The main
objectives of the systen are:

- to define the minimun content of memory necessary for
adequate self-instruction.

- to develep ¢« rodel of the sa¥f-instruction process,
and to describe its pedagoric requirerments.

~ to define a unit of learning materials suitable for

self-instructicn, and to specify ite content elements.

ERIC
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- to define the data elements required by preceptor for
the purpose of designing and effecting valuable learning
strategies under program or learner control.

- to store in memory a small subset of knwrledge for ex-
perimental self-instruction.

- to design a physical facility permitting the demonstra-
tion of self-instruction by group and individual
learners.

- to obtain gross initial indicators of the self-instruction
system behavior, economics, and effect on human Jearner
and teachers.

2.2 Characteristics of ALF - Th2 main characteristics of ALF
are its storage of narrative speech and line graphic "blackboard
lessons as the modular contents of memory, and its capability of
actively involving learners in the design of their learning
strategies. The communication between preceptor and learner and
the trancmission of audiographic learning materials employ standard
telephone lines.

2.3 Conclusions - The analysis of the ALY reveals the following
conclusions:

- the leerning materials stored in audiographic form con-
stitute a significant irprovement over average live class-
room instruction with respect to the following qualitative
factors: organization of the subject materials, clarity
of presentation, and economy of time.

- devices snd descriptors can be devised which cunula-
tively comprise a dynamic, relational index to the logical
and pedagogic structure and to the use of large bodies of
substantive knowledge stored in the system.

-~ devices can be devised and included in the mermory of the
systenm to facilitate learning diagnoses and self-testing

by learner.
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- the joint use of these devices and the preceptor's record
of the structure of the stored knowledge enables the
learner to forrulate and revise on-line, efficient, and
effective learning strategies, and thus to campensate for
the absence of a human teacher in self-instruction.

~ the development of the memory contents is highly economical
in comparison with other media of instruction, both live
(classroom teaching) and recorded (television, programmed
and computer-assisted learning); the preparation of a 60
minute audiographic lecture, including the organization
and recording of materials, requires approximately five
man-hours of effort.

- initial reactions to the ALF by students and faculty are
not discouraging.

VIII. CONCLUSION

This report is concluded with a tentative matrix, which shows in
its entries the possibility of using the outputs of the existing informa-
tion centers in the design of inputs to the teaching devices already
considered.

Clearly, a rore detailed study of this matrix is required (classi-
fication by subject matter, level of difficulity, etc.) to obtain an analysis
of the potential information requirements for new educational tools and

systems.
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PART FOUR

DESIGN AND OPERATION OF THE STITE SYSTEM

I. EXAMPLES OF FEATURES OF STITE AND THEIR POSSIBLE USES

1.

Searching Functions

1.1

1.2

1.5

Simple information retrieval, facts, specific knowledge,
tables, materials, chemicals, temperatures, etc., as re-
quested from outside or as supporting processed request.,
Literature or rescarch report retrieval relevant to
certain topic, list of existing courscs at universities
or other schools, lists of lectures, actual or planned
for future.

Special lists of new information available. .
Lists of knowledgeable professionals available for direct
requests, discussions, or advice and arrangement for their
communication, including voice, picture, and drawings.
Existing methods or programs available commercially, or

available through agreement with public or privatec owners.

Switching Functions

2.1

2.2

On-line demonstration at site, SI, based on materials owned
by site, S2.

On-line live demonstrations of unique biological, medical,
physical, chemical laboratory cxperiments or rare experi-
ments and procedures.

Live lectures of distant lecturers, classes and group dis-
cussions by remote participants, facilitation of par+ici-
pation in problem solving processing for remote partici-

pants.

Internal Features

Course design - automated grouping of subjects into sub-topics
based on the material, knowledge of the class, intentions,

etc., and course updating with new information.

[ )
o
fuﬂ
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3.2 Demonst:ations prepared from retrieved materials, films,
special formatted data, graphs, and :losed circuit TV tapes.
3.3 Semi-automated or fully automated preparation of quizzes

or tests, their evaluation, recordings, statistics, and grading.

iI. TUE TEACHER'S ROLE IN USE OF STITE SYSTEM

With the increasing power of the STITE system to provide information
to the teaciher and making much of that information directly available to the
student as well, the role of the teacher in the educational process will
gradually change. The uniqueness of the educator's knowledge will be aug-
mented by his access to STITE. On the other hand, however, automated search
and retrieval transmitted directly to a student will eliminate the necessity of
the possession of that knowledge on the part of the teacher. In more
advanced uses of STITE the teacher neced not even be fully aware of the exact
information being transmitted. :

A two way shift of the role of the educational process can be envisioned as
a result of both increasing power and use of STITE. In relation to the student,
the teachers' interfacc will be gradually described more and more in terms of
advisor, planner of education, manager of educational process, or strategist
of education, rather then being the direct transmitter of the specific knowledgw
ard experience as it is today.

In relationship to the educational process, the teachers!' experieice
in research and in cducational rethodology will be utilized more toward improve-
ment of the STITE system and less toward direct work with students, though the
latter probably will not be completely eliminated. Improvements in the methods
of prescntation of the transferred material and in the degree of sophistication
of material will recquire that the personnel in charge of those improvements be
at least on the level of today's educators in terms of their knowledge, educat-

ional experience, and research gualities.
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III. OPERATIONAL SCHEME OF STITE

——

1, 'pefinitions

1.1 STITE system - Scientific and technical information transfer
for education.

1.2 Request {RT) - A task directcd to STITE by an Eduéator.

1.3 Request schedule (RTS) - A schedule which is a result of
the first operation of STITE on the request (KT) and which
lists necessary activities and their sequence.

1.4 Process for development of the schedule (PRTS) a schedule
under which RT will be processed, listing future activities,
their sequence, and conditions for their implementation,

The process, PRTS, can be performed initially as human activity which
will Iater be made a man-machine interaction and finally fully automated. PRTS

has to decide the activities necessary for complete processing of the request
such as:

-input formation.

~request for certain information.

~-request for help or human intervention.

-order in which the activities arc to be perforied.
-conditions if more than one activity precedes.

-que information as to the importance and urgency of cach activity.

2. Description of Scheduling Technique

The scheduling technique will be sinilar to PERT-system scheduling,
or the PEIRT - a system in which a collection of activities is prepared and a
netvork is created showing which activity and under what conditions the system
can be activated. The schedule is made in the form of a directed graph where
nodes arc the activitics and arrows show their ordering. Any activity can be
started if, and only if, all activities of prcccedings nodes have been successfully
finished.

For example, let Al’ A,, and AS be activities ordered by the graph.

4

A9~7>1 0
'\17} ‘\2 AS /\7
Ag > Ag A
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Let Al’ A,, AS represent accomplished activities. Then activities that

~
can be started at any future time are A_, A
for A

50 Ags A8, while A10 still has to wait
90
Let:

A = set of all activities

Ak = activity k

Ab’ b =1,2.,.b = set of all immediately preceeding activities Ak'
0 = value of unfinished (started or not started) activity
1 = value of finished activity

Then the condition for starting activity Ak is:

_ Lk k k _
it Ab = Al . A2 ...Ab = 1 (M1)
for networks with one alternative schedule or !

IMA, = 1 or B(A) =1 (M2)
For networks that contain more than one alternative schedule, where I, I,
B stand for Boolecan sum, Boolean product and Boolean expression, respectively.

Assuming that therc are also external conditions C, for the initiation of

Ak (e.g., the centre that is tokbc interrogated by Ak w?ll be closcd next month,
ctc.) and that each condition Cm Ck’ m=1,2...m described as Boolean
variable where:

C; = 0 = condition is not satisfied

C; = 1 = condition is satisfied

@
1

| SO . - . ‘o
K B(Cn) 1s a Doolcan expression describing outside conditions for

initiation of Ak

then (M1) is replaced by

TA .G = Ap Ayl B(Ci) =1 (M3)

for onc alternative schedule and (M2) is replaced by
N T R (M4)

for multialternative schedule,




m

Regarding the activities as Boolean variables offers adequately powerful
representation of the graph (with all alternatives) enabling representation
of the graph in the form of Boolean conditions and use of the graph for control
of the corresponding start of activities in proper order.

In case of an alternative schedule, strategy must be determined which will
decide when and how aveilable altematives will be chosen. Examples of the
strategies:

-try less cxpensive alternatives first
-try the fastest alternative first
-follow all alternatives at the same time
and stop when first one is implemented.
Iwo alternatives will be followed in our research:
-representation of the whole schedule in
form of Boolean condition suggested above.
-representation of the schedule in graph-
table with conditional transitions.
After both approaches have been studied in detail and carefully cvaluated

the selection of the appropriate approach or combination of approaches for the
STITE system will be made,

3. Change in Ceneral Condition of STITE

3.1 Tvyve of change - a number of types of general condition change
[GCCH] can be recognized.
3.1.1 Inteirnal change - caused by time, derived ‘rom real time clock,

moving ahcad hours, days, dates or any real time wunit involved
in the planning

3.1.2 External change - new information arrived at a terminal or

message buffer and nceds to be inserted into A for processing.

(U3 1
ot
[¥3)

Interaction rcquested from outside - STITE system is to swicch
to interacting node in order to interrupt processing, placc the
request into Q with highest priority, or to parallel process

for interactive activity with no interruption of Q.
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3.1.4 Interaction recquested from inside to interface with outside
source or to deliver the generated data,
3.1.5 State of Q - determines whether system is to be active or
inactive,
Activity Q is formed from all activities, called internal activities,
that arc to be performed by STITE., Regarding Q as a set of activities I to
be performed, there is: ~{{I}} = Q

Internal activities are:

-request for processing: make the schedule

-condition C has been formed: identify all requests
affected by C, insert then into Q marked by C
-condition C of the request has changed: mark ready
activities for initiative, insexrt then back into Q
-activity is to be initiated: check the conditions
for initiation (whether changed while waiting in
Q), initiate the activity Q is empty: systen

inactive

Distribution of the control among the levels is shown schematically in
Fig. 4. It is a threc level hierarchy governed by both internal and external
conditions of STITE. Conditions Cl through C5 form state of the eclement Ly
that transformes them into controlling signals for level L,, ctc.

It will have to be decided later vhether or not interrupts generated in
L1 and directed tovard L2 or L3 levels will be necessary or useful,

The concept of hierarchy will likely be modificd according to the centralized
versus decentralized concept of STITE, or in consideration of other conditions

uncovered by morce detailed design,
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3.2 Levels

From the preceding description, a three level control system for STITE
is envisioned. It will comprise mixed features of computer timesharing, multi-
programming and operating system.

3.2.1 Llevel Ll: Processing of general conditions {GCCH)} that are:

-internal change (clock), C1
-external change (new-input), ¢,
-interaction asked for from outside, C3
-}uteraction asked for from inside, C

4
-request for of line output, C

Level 1 brings the system into one c¢f 32 states SZ (m=1...25) where for
each of them it will have to be decided what the corresponding activity of L1
should be (i.e., if 2 and 3 conditions occur at the same time, which one should
be processed first or diffcrently than if it occurs alone, ctc.)

3.2.2 level Lz: It is assumed that one activity of Q can be processed

at a time, This is very likely truc if the STITE system
is a centralized system with one computer.

It is anticipated, however, that the assumption depends on the design of the
system, where common Q can be created for more centralized or decentralized com-
puters, Separate Q's for cach decentralized site is also likely. Our level 2
description is therefore more to convey basic ideas of the design approach than
to make the decision on the concept at this time.

Level L2 nay consist of a simple or a more sophisticated operating system
node in which activities stored in Q are retrieved, based on a convenient
criteria (priority, operational characteristics recognized for that activity,
other criteria), and processed. The condition of Q creates an cmpty or a busy
signal as a condition C4 for level Ll.
A simplified flowchart for level 2 operation appears in Fig. 13,




level Ll -

Irpty, create CQ: 0

Retrieve
next activity

A

e

Not empty, create CLl =1

oo

Y

Retrieve next
activity from QA
by given criteria A

¥

Process A

Update A

Fig. 13

level 3
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3.2.3 Level LS: Level L3 operation consists of the activities shown

-preparation of the preparation ot the program PA from
internal library subprograms

-processing of PA

-recording the location of generated data for the

corresponding request RA

-Generating new requests for activities that do not
occur among the scheduled activities of the request
(internal to the library subprograms, i.e. if such
subprograms has been used that requires additional
activity) and inserting them into Q, if the new
activity is to be handled by STITE or into external
Q called EXQA if the activity is to be performed as
external to STITE e.g. request for additional infor-
mation to an outside information center, where EXQA
is a file for outside off-line communication,

3.3 Comparison with Existing Concepts,

In comparison with existing concepts in computer systems, a
loose parallel of the activities of the STITE system can be drawn as
follows:

-Level 1 = similar to a time sharing concept
-Level 2

1l

similar to an operation system concept

1

-Level 3 = usc of the concepts of automated programm-
ing, possible multiprogramming for better effect-

iveness in case STITE should become a large system.
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Using the internal program library,

create a program P A

for the assigned activity A

Process the program PA

l

Record the location

of output data

Insert newly generated requests:
intemal requests into Q,

external requests in the EXQ

.

Feturn to L2

Fig. 14

17
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Iv, DESIGN CONCEPTS OF STITE SYSTEM

The design concept of STITE refers to the way in which units of the
system, such as terminals, processors, various types of memories, and its own
data banks are distributed over the geographic area involved. It has been
assumed {rom thc beginning that the geographic area covered by the system will
be hundreds of miles in node-to-node distances, rather than all units being
placed in the same town or even in the same building.

Fhen such a large geographic area is to be covered by a relatively
large system, problems arising from distances involved have to be resolved.
For example, what type of communication will be used and what will be the best
network for tnat communication and what will be the best distribution of units
over the nodes of the network?.

There are three main parts that need to be recognized in design:

-the units of the system

-communication network of the system

-distribution of the units over the nodes of the network
1. Units of the STITE system

It is useful to recognize two types of units that are directly
part of the STITE system. First, there are internal units of STITE, being
recognized as units that are rontrolled, served, or are, in a broader sense,
under the administration of STITE. Secondly, there are units that are sources
of information for STITE, such as information centers. that are not, however,
under direct control of STITE. They are called external units of STITE.

1.1 Examples of Internal Units

1.1.1 Terminals - "Terninal unit of STITE" is the term

which will be used in as broad a scnse as possible to mcan units’
interfacing between STITE and its environment. The following will
serve to iliustrate the wide variety in each sub-category.

-common computer terminal - Keyboard, card reader, or card

punching nachines, printer, paper or magnetic tape.

-less usual computer terminal - plotter, TV cwmera, cathode

ray tud display, digital display, light pin,
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-possible terminals of near future - voice input and output,

color TV, remote handwriting.

-scaled instruments and indicators - measuring panel instruments,
various meters, controlling lights, osciloscope.
-manually operated devices - picture transmitting devices, cameras,
films, projectors.,

-final receiver or original source of information processed by
STITE - clerk, laborer, instructor, educator,

1.1.2 Processors - The following are examples of processors,
all of which can participate in information processing, transmitting,
reformating, on-linc remote demonstrations, live simulations under the
control of a remote site:

-central processor of large computer

-mini computer '

-computing center
-analog computer (e.,g. deferential analysor)
-caning device for nulti instrument panel
-special computers
~-sinulators
1,1.3 Storages - Various types of computer storages, memories
and internal data banks.

1.2 Categories and Examples of Externat Units of STITE

While the geographic location of external units is given, there are
the internal units of the system that have to be decided upon by the design.
Some of the inteinal units will have to share the same place with external
wits. They are mostly terminals. Others, like processors and inteinal
data banks, nced not, and it is the role of the design concept to decide
about their most cffective location,

1.2.1 Inforration Centers - The second type of unit is called
external wits. They are units that interface the system by supplying
requests and STITE duta from external data banks, information centers,
librarics and other sources of information for STITE.In a broad sense
they are the environment of the systen, They intevact with STITE how-

cver they are not under the direct control or under the administration
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of the system.

1.2.2 Educational Institutions - Educators, schools, school
systems, colleges, universities and other centers of education (to
which information is being transferred via STITE).

2, Comumunication Network of STITE

From the beginning it is very clear that there is no need to design
the communication lines between the nodes of the system. Existing communication
lines, such as telephone lines, and TV networks, arc and will be sufficient for
use in STITE. It is accepted that STITE will operate on whatever communication
network is or will be available in future, rather than necessitating the design
and implementation of its own communication lines. This approach is being used
by many other existing geographically wide-spread systems like large company
comnunication networks, computer-communication networks, and education communi-
cation nctworks.

From the designing point of view of STITE, it has to be indeed kept
in mind that commmication lines with impioved communication characteristics
are certainly possible and that the design of STITE has to provide room for such
future improvements as they become available. For example, more and more effect-
ive TV lines via satellites and laser beans or laser beam telephone channels are
just two of the ways of communication that will have an impact on future commumi-
cation networks. STITE system has to be designed in such a way that it will be

oy

ready to absorb such impacts rather than ignore theT,

On the other hand, STITE is esscntially‘ﬁ computer system. As such,
it will very likely not face any impact of future technology of communication in
isolation. It will rather follow the same paths that will be followed by other
computer comaunication networks and it will utilize and adapt to vhatever will
be offered as fcasible continuation.

For thesc reasons, no special attention will be given in STITE
research to the direct problems of commwmication lines except for the econony of
the usce of alrcady existing lines., It is rather the distribution of the internal
units over the nodes of the communication network that will be the center of

research interest,
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3. Distribution of Units Over the Nodes of the Network

3.1 Distribution of Nodes

There are many ways in which a system can be analyzed, designed

or viewed as a system of nodes, Among them are:

-geographic location os the units or groups of units of a
system - The nodes are then described as configuration of
the units that are placed at the same location, i.e, in the
same room, ¢ in the same building, on the same campus, in
the same city, in the same region, Geographic location is
important primarily for the commmication networks, main-
tenance of the system, and communication costs,

-functional viewpoint - The nodes of the system are grouped
according to their role in the system. Units of the system
belonging to certain nodes participate in the same engage-
ment, regardless of their geographic location,

~administration viewpoint - The units of the system are
arranged into nodes or groups according to criteria such as
financial supervision of the system, charging structure for
services, paying for outside information, and paying for man-
power associated with the system.

Traditionally it scems to be desirable to unify the above three
viewpoints and create the node with units in the same location performing the
same functions and being considercd as one unit administratively also, This
approach, however, is not necessarily them most economical or best approach
from the standpoint of some other criteria. For example, if expertise using
nore than onc person is required and cach of then lives at different locations,
their terninals can be connected to the same computer where both of them can
contribute to the sane function. On the other hand, the same person can function
in one capacity in one location while in another, different capacity hie can
regularly contribute to the problems being solved at another location,

Thus, cownunication allovws participation by a person in remote
activitics without the need for relocation of the person., It is then the type

of function in which the person is involved that is more important to be
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recognized than the actual location of the person himself or the site for
which the service is being granted. |

Use of computers in large systems, however, does not always
complicate the situation., It enables the catire system to track and record
internal activities, including information comprising who is involved in
certain activities (i.c. what person, what group of persons, what nodes of
the system, what programs, the extent of the involvement) and in what capacity
the involvement is being made. Providing this and other types of information
and being implemented on sound design, the system becomes a highly dynanmic
entity involved in its servicing function with many progressive features.
It nced not to be limited to particular geographic locations. It can be
properly administered because the administrative structure, bo<ed on the
administrative viewpoint can frcely be imposed on the existing system and
easily adapted later if the growth of the system requires it, Fumctichal
structure can be made, matching the adminstrative structure in one extrenme
or being dissociated from it in the other and grouping the system wnits can
be mutually independent by infrastructures.

Neu dimensions can be given to systems in terms of fiexibility in
adaptation of its infrastructures to changes, anticipated or wnanticipated,
in the grouwth of the system and in constantly augmenting the power of the
system by adding new features. Flexibility in reallocation of the control of
the system may range from localized to centralized controlling fumction or
vice versa, and charging structures, management problems, and other administrat-
ive manipulations can bec flexible. Provision can also be made for flexibility
in responsiveness to the neceds of the system customers, and in the introduction
of innovative approaches.

3.2 Design of the System llodes

It is primarily the functional aspect that will be in the
center of attention of project STITE rescarcihi. Studies of the
functional rodes and their tentative design will help to formulate
conditions, spccivications, and operational characteristics for both

refinerent of tioe design and for implementation of STITE,
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Once it is decided what the functional nodes of the system will
be, fl.e next step will be to decide where the activities related
to that function will be implemented. Three possible alternatives
will be examined:
~-centralized system - All function performed at one
selected location
-decentralized system - Basically the same function
can be performed at different geographic locations.
-dynamic system - There is no specific place where
certain functions must be performed. It is under
the internal management of the system that the
location of functions is changed under certain
conditions. If a function is used the system will
direct the corresponding data to the site that is
in charge of that function at that time. (The whole
STITE system acts in a fashion similar to a large
operating system involving many computers and/or
centers., )
The following illustration sketches the described situation as a Q
that collects all requests from the input and places them into QA
in a line, where they wait for processing. When retrieved from Q,
they are processed for allocation to the proper place for further

processing.

Inpuc

e

Y
Distrmbution of the activities to the nodes

Fig. 15
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Centralized Q - Jobs such a customer requests, required
sub-activities and interface with information centers
will be collected in Q. Then they will be distributed
to other units or nodes of STITE that in turn will feed
back the information about finished activities and also
signals indicating that they are ready for an additional
load or that they are still busy. It is, however, the
central part of STITE that continually keceps track of
out-put data of each activity and collects 211 data back

into the center.

Decentralized - Jobs are collected in a different Q of local
character or grouped in different Q's according to the
character of the required activity or some other convenient
criteria. From there, jobs will be sent to the facilities

servicing the corresponding Q.

Bidding System - This system is a reversed concept of cen-
tralized control. The center collects only the jobs and makes
availablc a list of the jobs to processing nodes of the
system. The nodes send conditions or bids under which they
can process the jobs. The idea is that the subcenters or
processing nodes are in compctition to provide better service.
This would enhance improvement and economy of the systom.
Bidding system is a new concept for the design and will be

considered in rescarch in much more detail.,
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PART YTIVE

LITERATURE SURVEY

I. INTRODUCTTCN

The STITE project proposal states that the design of the descriptive model
will be preceded by "a review of the relevant research literature on the systems
approach to curriculun development.” The purpose of such a review will be to
identify and evaluate developments and research that have already been conducted
in this field and to cetermine their usefulness in the design of the STITE system.

The subject range of the project will be delineated in terms of topics and
categories, and then appropriate indexes, reports, and other publications will be
searched to identify and evaluate those materials which are significant for the
goals of the STITE project.

Finally, a bibliography of relevant literature will be compiled.

11, SCOPE OF THC LITERATURE SURVEY

The purpose of the STITE project is to study, design, and evaluate a system
for the transfer of science information from its present repositories into a
sclence learming system. The scope of the project can logically be divided into
three parts then,

First, there rust be an identification and an analysis of existing centers
and systers in terms of the subjects they include, their operating characteristics
and the ways in widlch they are used.

Secondly, there will follow a definition and description of leaming tools
and systens, and an analy:sis of the methodology involved in designing them, as well
as some evaluation of their usefulness with respect to the objectives of the STITE
project,

Thirdly, there rust be some consideration of informaticn transfer systems
and networks to determine their sipnificance for the design of the proposed trans-
fer systenm,

The subject scope of the literature search will follow the threo aforcicntione:
divisions, i.ec., sciencs and technical information centers, learming 5ystos,

and information transfer systers and retworks. Initially, spot checks for re-
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levant references were made within the designated subject areas, and this pre-
liminary and tentative outline of the survey, with same random references, has
been developed. It will be expanded and refined with future investigation.

IT1. SCIENCE AD TECGHICAL INFORMATION CENTERS/SYSTEMS

The collection, cipanization and dissemination of deccriptive information
and biblicgraphic data comprises the so-called "science information system" whose
services typify the current level of the information industry -~ the establishment
of camputerized information utilities and services of different types and pur-
poses. According to Bushnell, it is not mere speculation to anticipate the day
when information acguired during the operation of the central information pro-
cessing scrvice feeds directly into decicion mechanisms that vegulate the scheduling

and instructicnal programs of the educational institutien.

1. CLASSIFICATION OF SCIIINCE AND TEZCHNICAL CIHNITRS/SYSTLMS

1.1 On the basis of subjects - This classification of science information
systems will determine which centers arce to be accessed for development

of new courses in a given subject area, and it will also facilitate the
identification of centers capable of providing the necessary scicnce in-
formation for updating learning materials or for modifying course pre-
paration in a given subject arca.

Cohan {Ref. 1], gives the description of each science and technical
informacion repository and each information storage and retrieval system;
he also states types of output and service available to the user cormmnitly,
user equipnent requirements, user restrictions and subject coverage.
Palmer [Fef. 6], has done almost the same thing as Cohan has done, buc
he gives little description of the systems. Kruzas [Ref. 5], gives in-

formmation recources available in the U.S. in the Dircctory of Infor-

rmation Posowrces in the U.S. [Ref. 213, and points out the holding, of

information in each center w.der subject coverage.

1.2 On the basis of oporating charactericiics - Thore Is a wide vori-

ation of automation areng information centers.  Sore have cemputer based

data-bakis.  Othevs have computerized noetworks and represent cooperative

efforts 1o share reoources of  provided infornmatien en a multi-init basis,
Q
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2. ANALYSIS Or SCIIIICL AD TEGQERIICAL IWFORMATICH CENTERS FROM THE
VIEW POIIT OF DESIGI OF SCIEIICE TNEORMATION TRANSFER SYSTEM

This analysis will include descriptive details of the data bases,
information retrieval and communication, organization of information, in-
formation control, user study, and in what fecivs information is present-
ed to the user.

These topics will be helpful in determining the methodology to
be used in identifying the design criteria for the science information
transfer system. It also indicates the limitations of data base, retrieval
system, and subject area coverage of science information transfer systems.

Lesher and Mowick {Ref. 3], point out how NASA technical informat-
ion can be transferred/accessed. ctors [Ref. 2], describes the HASA
technology transfer program. In his article, the roles of fedezza.l agencies
are well defined.. The design of STITE would benefit from the contents
of these two articles.

Sparks [Pef. 7], gives a methodology for the analysis of inforw-
mation systems. Gruber, and Farquis [Ref. 21, point out hunan factors and
lirdtations in the transfer of tecimology. Horth Americen Aviation, Inc.fRef,6],
provides an analysis of scientific and technical information requireients
of FrA., Hay [ief. 5], presents the development of a resource information
bank for teaching science. These four articles provide a clear review of
how STiCs onerate.

Simpson [Ref. 8], makes the observation that scientists and
engineers have solved their vordage and most other inforiation probleins
through the creation and use of inforration enalysis centers (IAC). I/C's

syninesive, aualyze, and corpress pertinent information so that knowladge
trensfer ronning effective. STITE can help in transferring kiowledge meore
effectively from IAC to wers,

libaw {Ref., 4], presents a new, generalized model for information
transfer that has at its heart a machine-readable record. The model points
out houw the core macdhine-readable record makes possible interfacing oo
puter typeselting with advancesd inforsation  tcdwmolopy, the interfacing of
prizary with cecondary pihlications, and the interfacing of data with docu-

b oanforuation systens., His model would help in the design of SUT1L,

S
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Thuronii and Pictkiewicz [(Ref. 6], show how the principal
users of a small information system are built into the system and how
the feedback received from them improves the system, especially in the
areas of docurent selection, indexing and bibliographic format.

Raizada [Ref. 33, attempts to analyze the concept of "user
acceptability". The factors affecting this are the physical presentation
of information and the semantic contents of the information in the com-
puter printouts. Study of "user acceptability" would make STITE more
practical and satisfactory.

Saha [Ref. 4], points out that to ensure that the need for in-
formation is satisfied, user studies are necessary at intervals to
determine if the information system as designed and operated does the job
efficiently ard economically for the reader commumity it serves. For
this purpose the organization handling the information must identify specific
information services, study rcader's habits and commmnication modes in a
particular environrent, and then focus on the problem arcas for desirable
solutions. STITE would benefit from Saha's oonclusions.

Kreysa [Ref. 1], makes the observation that the Smithsonian Science
Information Ixchange (SSIE), after expanding its coverage of subject matter
and changing in administrative or fiscal structwre, can facilitate more
effective planning., inanagement, and coordination of the scientific resecarch
and development sponsored or supported by U.S. government agencies. STITE
should be able to do wnhat SSIE has done.

Iipsitz [Ref. 2], describes how ten thousand homes can be tied to
a computer center and how they can fully utilize the information and facilities
of the computer center. These ten thousand homes could be users of STITE
in the future.

Veazie and Comnnolly [Fef. 6], point out where information analysis

center products go and identify {he users who benefit from the services.

IV,  AUALYSIS AR DISICT OF SCIIIICE LIFCRVATION TRAISFER SYSTIMGS

A science informmation transfer system is a bridge between scicnce

and technical information centers and scicnee learming systenss.  In other
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words, it transfers valuable information, upon a user's request, from
data banks in science and techrical information centers into science
learning systems.

1. Man-Machine Interface With Respect to Science Information
Transfer System

1.1 Question and Answering System - A question and answering
system provides a questionaire for user to answer. It analyses
his answers to determine his area of interest, the kind of in-
formation he is seeking and his objectives. Then this system
will decide either to ask more questions in order to understand
the user's intention more clearly or to supply the information
requested, It may even suggest that the user use a particular
leaming system with a guide, so that the user can improve his
work. A science information transfer system that is going to
help a user from a certain background must first acquire data
from the user, and then through certain procedures, find ways
to help the user.

1.2 Editor Program - An editor program provides a means for mani-
pulating the text of a named file on a named file on a micro tape
or in the user area of the drum (corresponding to micro tape).
This file may be used for the creation of text or for later use
as data or as a program to be translated by the FORTRAN Conr
piler, etc. The comands pro{ride for the editor to allow text
to be created, deleted, or moved about. The content of science
and technology is changing and enlarging everyday, and so is the
information stored in science and technical information centers.
The science information transfer system must be able to update
its own data files accordingly by using a fast and efficient

editor program.
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1.3 Display and Input, Cutput Devices - A display is a
visible representation of data on a console screen in a
printed report, graph, or drawing subject to alteration
by a light pen or "stylus."

An input device is the mechanical unit designed to
bring data to be processed into a computer, e.g., a card reader,
a tape reader, or a Key board..

Input to the computer can take a variety of forms:
punched cards, punched paper tape, magnetic tape, magnetic
cards, magnetic ink, or directly and binary form from the core
memory or peripheral storage units and various conversion units.
Quite recently, plain typed print or script in limited voca-
bularies became serviceable as input to computers. Input is also
developed photoelectrically (scarmers) and through the use of ‘
TV~type cathode-ray-tubes. Audio input is also being per*fccted'
with limited vocubulary. Direct input can be developed by
telephone, teletype and numerous other commmication devices
besides the cards, tapes, inks, scanners, and CRTs previously
mentioned. Proper input devices for the project's system must
be found.

An output device is the part of a machine that translates the
electrical impulses representing data processed by the machine into
permanent results such as printed forms, punched cards, and magnetic
writing on tapc..

Data can be written out from storage to output wnits, or it can
be read from sterage to output. The results of the processing are
thus converted to Inglish or decimals. They can be recorded in
various ways - as a printed report; e graphs, drawings, or lan-
guage for- viewing and altering on display tubes; as magnetic tape,
paper tape, punchaed or magnetic cards; or as audio output. Some
very dramatic imwvations of computer systems conczin the ncwest
optic davices and automatic-language for viewing and altering on
display twes; as magnetic tape, papor tane, punched or magrotic
carxliy or as audio output., Some very dramatic innovations of com-
putcr systas coneamm the nowost optic devices and automatic-lanpuage

translators (exaunle, hunsian-to-Inglich) as well as talkine machines
i b) ks 15
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and adaptive processors. To find the proper output devices for
the project's system is also necessary.

1.4 Intelligent Terminal: An intelligent terminal is a wnit

that is prograrmable by the user in much the same way that a
conventional computer can be mrogrammed. It has a stored-program
wnit to handle some processing independently of the central pro-
cessor.  Intelligent terminals can offer the user the opportunity
of reducing costs by doing some processing locally, providing more
effective data entry tecdhniques and compressing data for faster
and more economical data transmission. Greater flexibility is
possible since most intelligent terminals can ermulate other
lerminals and can handle a wide variety of applications. Through
the use of remote consoleg, Jjoint utilization of identical data
files for research and planning and student, as well as faculty,
instruction become possible. Inclusion of "the terminal that
thinks for itself" to the project's system would also be desirable.

Literature on the topic, Man-Machine Interface with Respect to Science Infor-
maticn Transfer Systens, will include the following references:

Green and others [Ref. 10],des cribe''Baseball: An Automatic Question-Answer
Gane." Their ideas may be useful in the design of a question and answering system
needed in STITE.

Botterill [Ref. 4], presents the design objectives for the Multiple Terminal
Monitor Task, mumning wnder 0S/IVT, a description of the system, the services
provided, and performance on a model 65, Bryden [Ref. 6], describes the majar types
of (RT display systens, along with the tedwmnigues used, the types of hardeare, and
hunan engineering considerations., He also glves specification tables for the major
alphanumeric and line-draving devices available., Scherr [Ref. 181, covers all as-
peets of display systen desipn, including optics, photorraphy, device characteristics,
reasureents, and huam factors.  Stover [Fef. 18), gives the description of a
uniquz display capeble of irue three dimonsional, full color displays., The system
is based on concepts of lenticular optics and dees ot use auxiliary viewing aids,
These articles will Iielp in choosing the rignt display systea for SITIL.

Rubin [Fef. 17], covers sowce: data autonation, key tape doevices, OCR, voice

r‘cupom , digital plotters, ~nd dicplay devicos. e also desonstrates the appli-

ERIC

Aruitoxt provided by Eic:



133

cation of each type of I/0 device. Murphy provides a basic introduction to
the various types of prints, plus characteristics and product descriptions
of satellite printing systems.

Auerbach On Alphanumerical Display Equipment [Ref. 11, provides a basic

introduction and description of alphanumeric display equipment. Frank [Ref. 7],
reviews the availability and use of portable terminals. "Graphic Terninals™
(Ref. 93, describes in sinple terms the operation of graphics display systems
and the different types of systems available. High Reliability Marks Thermal-
Printing Terminals [Ref. 10], statec that reliability and low noise levels

are two of the advantages offered by thermal printing terminals.

Murphy {Ref. 14], covers both alphanumeric and graphic CRT terminals, and he
also reviews terminal types, their operation, the market, and available literature.

Intelligent Terminals f{Ref. 121, illustrates the use of intelligent terminals
and discusses three specific terminals, the concept of distributed intelligence,
the application of intelligent termainals, and costs and problems and reviewed.
McGovern [Ref. 13], gives the definitions of different types of intelligent ter-

minals and discusses IBM's role in this area, along with comments on future

directions. Bairston [Ref. 2], makes the observation that stand-alone computing,
data enlry, and remote batch processing are all possible with a comprehensive
intelligent terminal. To facilitatec STITH with intelligent terminials seems 1o be
a necessity.

Brooks [Ref. 5], describes Oliver's experiment, that of using a computer
graphic system for teaching nunrerical analysis, and Johnson's experiment, that of
computer-adninistercd instruction in teaching PL/I. He also concludes that the
use of computer graphics appears to be more promising for college teaching appli-
cation than conventional CAI, where weaker cifects have so far been found. Graphic
outputs on CET terminals could occur frequently while accessing STITE.

Van Dain [Ref. 20], discusses display tedwmology in detail and gives examples
of promising man/machine interaction experiments.

Hill {Ref. 11], gives reasons for requiring a man-machine interface using
spcech, and outlines speech production and perception. iHe also discusses speech
recopniticn and core applications.  Conversational ability of mm-machine inter-
face in STITL is worth of study.
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"New Printer Copies Computer Displays [Ref., 16], describes the new
electrostatic page printer introduced by SE Computer Peripherals. It
provides a copy of the data displaysd on the computer video terminal in
only 3 seconds.

2. Intercomputer Communication/Computer Network

A Computer letwork is two or more interconnected computers. It
permits geographical distribution of cormputer capability to meet local infor-
mation processing needs and at the sane time permits local available capa-
city to meet requirements from remote locaticas that are unable to handle
local needs. Data and programs can be transmitted around the network. For
information storage and retrieval systems, a network of computers permits
mitipoint entry, query analysis, locally maintained data banks, availability
of local data banks to all stations of the network, use of common langua.ges, :
central control points or information switching centers, and mutual support
activities, such as rapid data transfer, immediate response, reduced inter-—
ference with local mission, and a reduced necessity for new centralized
facilities.

Brewster [Fef. 1], defines the task of planning a communication
network and discusses a program called (ETSET to aid in optimizing the network
design. Kieinrock [Fef. 6], discusses mathematical modeling, analysis, and
stimulation in their role as tools for creating the design for a comuter net-
work,

Computer Hetwork Measurenents: Techniques and Experirents [Ref. 21,

gives the development of measurement capabilities for the ARPA network and the
utilization of these capabilities to create analytic models of network hehavior
Harris [fef. b3, discusses developnents for the on-line systan of the ARPA
network, including reduction of core requirements, improvensnts to the internal
scheduling elgoritivis, and the developamnt of a mmulti-line controller. Herzog
[Pef. 51, reports the activities of thz MERIT computer network, and describes
conminications havdware, telephore facilities, and software systenms.

Computer [Ty Hosoeard [Raf. 3], points out modeling, analysis,

measurerents and Systons colteare for computor neltworks.  Marill and Qureuritz

O

ERIC

Aruitoxt provided by Eic:



E

135

[Ref. 7], present an analysis of the technical problem of data handling within
a computer communication network,

Walden [Ref. 10], presents a system of communication between processes
distributed throughout a computer network.

Roberts and Vessler [Ref. 9], describe the need for a computer network,
the requirerents of a computer conmunication system, and the potential uses
of a computer networx.

McCann [Ref. 8], gives the general nature of networks: advantages,
configurations, transmission speeds, costs and media. He also describes the
planning for a national on-line medical bibliographic service, including net-
work alternatives, decentralization versus communications, costs, and select-
ion from alternatives. These references would help in designing a computer
network in the STITE system.

3. System Safety Security

3.1 File Protection - A device or method that prevents accidental
erasure of operative data on magnetic tape reels,
3.2 Memory Protection - A specifically design method of insuring

that the contents of main memory, within certain desipgnated but variable

bounds, will not be destroyced or altered. Special pregramming devices

or hardvare thus guard against the effects of equipment malfinction and

progreta bugs in real-time systeis,

Study in the area of Safety-System/Security is necessary, for
security is an irportant element in a computer-aided system.

"A Brief History of Conputer Privacy/Sccurity Research at Rand" {Ref. 1],
provides a review of RAID Corporation rescarch on oxnputer sccurity and the pro-
tection of data in the corputer system from unauthorized access. Grahan [Ref. 7],
points out the technical aspacts of protection and the procedures which govern the
access of executing prograns o various resowrcces in the system. Tum and
Shapiro [Fef. 1h], discuss the problzm of cost effective data sccurity safepuands
in personal information data banks. Friednan [Ref. 6], reviews the problem of
protecting proprictary data in larpe computer £iles 1n @ systam which permits the

sharing of data,
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Boruch [Ref. 2], outlines a number of distinctive methods for assuring
the confidentiality of data and relates them to security-oriented information
processing activities. Conway and others [Ref. 4], discuss record selection,
field security, restriction of processing operations, and system implementation.
Donn [Ref. 5], describes a pseudo-random binary sequenoe;-generating shift
register for scambling digital signals. Hawkins [Ref. 8], considers software
control of system access, security of the operating system and protection
against malfu.ctions.

leavitt [Ref, 9], explains how data compression techniques can con-
tribute to data security as well as improve system performance. leavitt [Ref. 10],
discusses the use and effectiveness of passwords as security devices over pro-
grams and data. Peck [Ref. 11], reviews access controls, intermal system con-
trols, data transmission controls, and potential and actual violation controls.
Reider [Ref. 12], presents some of the elements of a sound control and security
plan for computer records. Smitl. ind others [Ref. 13], use both software and
special hardware to provide enciphering and deciphering of messages between a
terminal and a computer to provide protecting of data in transit and in storage.

Andersan [Ref. 2], points out problems concerning computer security,
problems of file protection, and corrn ication problems. He also discusses
techniques of system access conirol, operating ;tem functions, techniques of

file protection, and techniques of security assurance.

. large Morories - Ssscociative Moory is a storage device in which the

storage locations are identif™ v their contents rather than by their names,
addresses, or relative positions. The associative memory is capable of being
interrogated in parallel fashion throughout its entire contents to determine
vhether or not a given word is stored by directly canparing it with all words
stored without regard for addressing. The associative remory can quickly answer
the quostion, "Is this word containcd in ramory?'  dhe concept reduces address
booldweeping, since the keys cerve as addreczes,

Large Auxiliary lerory is a large storage doevice in addition to the main

&y

storage of a computer; e.g., magnetic tape, or magnetic drun, Auxiliary storage

wtally holds much larger ancants of infamation than the main storopz, and the
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informaticn is accessible less rapidly.

The intermal hierarchy of memories must be studied in detail in
order to use the primary core memory, the associative memory, and the
large awdliary merory effectively.

5. Information Access

5.1 Imrediate Access - The ability to directly obtain data from,
or to place data in, a storage device or register, without serial delay

due to other units of data and usually in a relatively short period of
time,

5.2 Parallel Access - The process of obtaining information in storage,
where the tire required for such access is dependent on the simultaneous ‘
transfer of all elements of a word from a given storage location. Since the
science information transfer system will undoubtedly be concerned with
frequent information accessed in small or large amounts, information access
methods must be considered. Both immediate access and parallel access have

advantages, and using them intervovenly will give maximun efficiency.

Dell [Ref. 1], provides a readable account of a laser mass memory system
with trillicn-bit cn-line capacity and fast access. Gentile and Lucas [Ref. 2],
point out that TABLON is a network of dedicated corputers, special hardware, and
rnass storage devices which eny user CPU caen access for storage and retrieval of
dates. TABLON was developad to provide common data base capabilities to dissimilar
systems and to requce the cost, space, and administration of larger magnelic tape
libraries. Label [Ref. 6], describes the major features of the different types
of auxiliary storuge devices and give selection criteria. Gross [Pef. 3], defines
the ultra-larger dipital slorage systam and establishes a boundary between these
and large storage systeans. Haker [Ref, W], surveys the historical developmont
of nagnetic dislu for bhulk storuge applications, covering hardvzare capabilities,
device characterictics, som: altermative tecmolopies, and pust and futuwre hier-
archiies,

Permy and others [Ref. 7], discuss the design of the mass storage systwn in

use at the Lamence Padiation Leboratory, consisting of an IBM 1360 photodipital
©
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storage system and a CDC 854 disk pack for indices. Katzan [Ref. 5], surveys
various storage hierarchy systems and gives a state-of-the art analysis
covering basic storage hierarchy concepts, addressable storage, storage man-

agement, and data organization and management.

6. Information Retrieval System

A system for locating and selecting, on demand, certain documents or
other graphic records relevant to a given information requirement from a file
of such material. Examples of informaticn-retriev..l systems are classifi-
cation indexing and machine searching systems. In crder to make the science
information transfer system e.ficient in the area of locating and selecting
data from large files, a study of retrieval systems is necessary. The use
of a hashing technique to allocate space for overflow records. Under certain
conditions this is shown to be superior to the conventional method of chaining.
Price [Ref, 9], describes several table hookup techniques, including sequential
search, merge search binary search, estimated entry, and direct entry.

Bennett [Ref. 1], states that the Negotiated Search Facility (NSF)
makes possible index-controlled retrieval of information fru. a collection
data base using tools beyond those avallable in a traditional bibliographic
catalog.

Back [Ref. 1], reviews studies of information dissemination as a basis
for determining how on-line retrieval can best compete with a multitude of other
sources of referaonces and presents criteria that the system should satis{y to be
as widely used and as comprehensive as other reference retrieval methods.  Barber
[Ref. 2], states the principles upon which the Technical Indexes system was
based, with particular reference to the advantages of microfilm, and discusses
the factors involvad in the design of the retrieval system. Hoffrman [Ref. 4],
introduces a larye-sc-le information retrieval system developed for processing
DubPont inforinaticon files. The use of threaded lists, in addition to inverted
filec, to parmdt optimun searching is a very lLimportant feature.

Jardine and Van Fijsberpen [Ref, 51, introduce information retrieval
strategies which are baced on autenatic hierarchic clustering of docurentec.

Thoy chow that clustor-bosed rotrieval sirategies are as cffective as linear
ascociative retricval strate

¢ios and much nore efficient.  They also outline how

O
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clustered-based retrieval may be extended to large growing document oollections..
Johnson and Briggs [Ref. 6], make the observation that holography is one of the
most promising methods now under research for the achievement of high bulk
storage with fast random access at a reasonable cost.

Walston [Ref. 11], discusses the information-storage and retrieval
cycle, automatic document indexing and classification, automatic aids to re-
trieval and dissemination, and automatic fact retrieval and gives types of re-
trieval.

Williams [Ref. 12], points out that an effective man-machine interactive
retrieval system requires a sequence of steps in which man and machine alter-
nately take action. He also introduces an on-line interactive system, Browser,
and discusses the objectives of the development of this system.

7. Aspects of Automation of Information System with Respect to the STITE
Project

Automation can be defined as the production by devices or machines that
are self-acting with respect to predetennined processes; e.g., making automatic
the process of moving work from one machine to the next, the theory, art, or
technique of making processes self-acting, or the investigation development, or
application of procedures toward making automatic the processes of self-move-
ment and self-control.

The aspects of automation of information systems with respect to the
project are:

1.1 Abstracting - Searching for the criteria by which huran beings

Jwdlge what should be abstracted from a document as programed.
JWlg

1.2 Automatic Checking - Preccessors are constructed and designed for
verification of information transmitted, computed, or stored. ‘The pro-
cedime is complete when all processes in the machine arc automatically
checked, or else the check is considered a partial verification. Partial
checking concerns either the mumber or proportion of the processes that
are checked, or the nuar and proportion of the machine wits that are

assigned to checking.
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1.3 Automatic Coding - A technique by which a machine translates a
routine written in a synthetic language into coded machine instruct~
ions, e.g., assembling is automatic coding or various techniques and
rethodology by which a computer is utilized to translate programs from
forimats which are quick and easy for programmers to produce into formats

which are convenient and efficient for the computer to execute.

1.4 Automatic Error-Correction - A technique, usually requiring the
use of special codes and/or automatic retransmission, that detects and
corrects errors occuring in trensmission. Tne degree of correction

depends upon coding and equipment configuration.

1.5 Autormatic Programming - A technique by which a machine converts
the definition of the solution of the problem into a series ofi ordered
procedures and operations thal can be automatically coded, or the .
method or technique whereby the computer itself is used to transform
or translate programming from a language or form that is easy for a
hunan being to produce, into a language that is efficient for the com-
puter to carry cut. Examples of automatic programming are compiling,
asserbling, and interpretive routines.

Correcting Codes for Pwchanse of Information Between Computers [Ref. 2],

proposes two codes which are comparatively casy to implesent by means of computer
prograns and which correct arbitrary errors in a machine word and one or two
adjacent vords. Harding [Fef. 6], develops a table set of performance equations
for error detecting @wd correcting coxies in a random-error-environmont,

Lignoz [Ref. 7], supgesic an approach to selecting a burst error corrcct-
ing code and deseriles its hardeare inplercntation.  Wallner [Ref. 101, rovicws
parity checiing schenes for mapgnetic tape, disk, and drun devices.

Douplas [Ref, 3], presents computer ronitoring of assorbly processes as
neans of achicving Letter manapaent control over production opzrations.

Rush and otor [Fef. 8], report on the developront of techniques for

the automatic preduction of high quality abstracts frem the full text of the original
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document. The most significant contribution of this paper is the point that

an abstract can be produced by rejecting sentences of the original which are irre-
levant to the abstract. Methods of sentence selection and rejection are also
discussed. Edmmdson [Ref. 5], describes new methods of automatically extracting
documents for screening purposes. His methods treat not only the presence of
high-frequency content words (key words) as one component of sentenca significance,
but also pragnatic words (cue words), title and leading words, and siructural
indicators (sentence location). Edmundson and Wyllys [Ref. 4], present a new
concept in automatic analysis, the relative-frequency approach to measuring the
significance of words, word groups, and sentences,

8. Applications of Computers in Education

Project STITE is concerned with the application of computers as methods
of instruction, not with data processing in general. These applications include
developments in optical scanning devices, language translation machines, computer-
assisted instruction, and rapid document-retrieval systems. The STITE system will
definitely be using the computer as the najor factor in information transfer.

Branfeld (Ref. 4], reports on the use of the corputer-based PLATO II
system to teach a group of undergraduates some topics in computer programuing.

It appears that the system taught this subject matter effectively. He also dis-
cusses ecconoinic feasibility and future plans.

Gondlad and others [Fef, 151, gives an overview of education and computer
technoloy, discuss functicnal arcas of computer applications in education,and point
out future advancss in the field.

Chapman and Carpenter [Ref. 111, say that automation of the instructional
process myy well revoluticnize the field of education. They discuss the broader
picture of the research effort in automated tutoring and describe a project on
automated tutoring.

Zinn [Ref. 251, provides a framework, a fed specific examples, and re-
ferences to rore detailed information conoeming instructional uses of computers.
He also discusses current problers and the potentials for interactive instruction
systems.

=

Putimell exd Allen [hef. 8], edit nincteen papars presented in an invitat-
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ional conference ¢n the present and future role of the digital computer in
American education in November, 1965, These papers are divided into 4 groups

of interest: 1. individualized instructions and social goals, ?. Computers

in instructien and research, 3. Teaching the computer sciences, 4. Information
processing for education systems.

Bushnell [Ref., 7], presents a computer based teaching system thatis
being tested at System Development Corporation (SDC) to make teaching more
effective, Bushnell [Ref. 6], makes the observation that the on-line use of
the computer for teaching mathematics, the sciences, and related subjects is
buurgeoning at all levels of education., He also discusses simulations and gaming,
new tools for education, information utility, production and cvaluation of curri-

culum materials, and time-shared computer systems,

8, Information Dissemination

The STITE project will be concerned only with the dissemination of
educational information. It will be necessary to determine major sources of
educational information, the forms in which it is found, how it is disseminated,
who uses it, and its cost and effectiveness.

Dumas [Ref. 2], reviews ways and means of disseminating, retrieving, and
utilizing research and demonstrating results, Green [Ref. 5], describes how
Colorado schools are informed of the use and scope of instructional media and
determines the best method of disseminating the information.

Entelek, Inc. [Ref. 3], deals with the establishment and operaticn of
an "Exchange of Information'" among wniversities, corporations, and government
agencices concarmed with the use of the computer as an aid to the instructional
process.  Farr [Fef, 4], presents the role of the "Knowledge Linker" and an
interpersonal network of comunication within e target audicnce.

Grimes [Fef. 61, describes a regional information system vhich is desipned
to provide an effective, cystérratic methodology for linking users with relevant re-
sowxes, and gives an overview of the history, structure, and utilization of thwe
information systen.

Havre [Ref. 7], identifies, synthesizes, and evaluates chared services
of research and developrent throughout the reaction and presante a model of shared

mformmation cervices to rural edicators,
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V. LEARNING SYSTEMS AND TOOLS
1. Types of leaming Systems and learning Tools

Learning systems are broadly defined as technology-aided instruction/
learming facilities which alluw leamsrs to interact with organized learning

iy

materials stored in an anirate, ranipulable device or memory .

Learning tools comprise jrimarily devices and mechanisms for accessing
knowledge in science and technology.

Before trying to analyze and design a science information transfer system
that transfers science information from its present reprositories into science
learning systems, we must study the components and characteristics of the existing
learning systems and the learning tools used to determine what and how the science
information transfer systen can be of help in achieving the objectives of these
learning systems using certain learning tools.

L}

1.1 Conventional Learning Systems

-Lecture - A discourse given before an audience expecially for instruct
ion. The learming tools sometimes used in a lecture are: books,

paper, pencils, pens, crayons, paints, brushes, blackboard, chalk,
musical instrurents, athletic equipments, slide rules, overhead projector.

-Seminar - Guided study by a group of advanced students on a parti-
cular subject, each student doing some original research, and all ex-
changing results by informal lectures, reports, and discussions. The
tools used: books, paper, pencils, pends, blackbeard, chalk, overhead
projector,

-Laboratory - A place devoted {o experimental study in any branch of
natural science or to the application of scientific principles in testing
and analysis. 'The tools used: books, paper, pensils, pens, blackboard,
chalk, optical microscopes, telescopes, apparatus of all kinds, electric
miscroscope, still cameras. binoculars.

-Demonstration - ‘he act of making knowm or evident by visible or
tangible means, as indication, sign, show, or manifestation.

-Yield Trip - Visit to an establichiynt or inctitution for purpose of
observing activities carried on there. The tools used: public libravies,

art galleries, ruceuns, businesses.
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~Graphic Materials - Almost any illustrative material can be considered
graphic in nature. (Indeed, any printed matter falls, technically, into
this category). Graphic materials can also be considered as special
material in the audio-visual field. The graphic materials of interest to
the project are graphs, charts and diagrams, and pictures. The tools
used: paper, pencils, pens, blackboard, chalk, rules, camera.

1.2 HNon-Conventional Learning Systems

-Programed Instruction - According to Shramm, programmed instruction is
the kind of learning experience in which a "program" takes the place of a
tutor for the students and leads him through a set of specified behaviors de-
signed and sequenced to make it more probable that he will behave in a given
desired way in Uie future. Therefore, programned instruction is a kind of
memory of learming materials used to support the self-instruction process. Tools:
four-button machine, new communicator, koncept-o-graph, auto-tutor, computer
terminals, computer.

~Computer-Assisted Instruction - CAL is a concept that applies camputers
specialized input/output display terminals direclly to individualized student
instruction. The text materials being generated by researchers for instruction
are entered into the computer through the use of simplified codes operated for
the most part with natural-language inputs. Computer-assisted instruction is
obviously a kind of computer application in education, and like programmed in-
struction, it also is a kind of memory of leaming materials to support the self-
instruction process. Tools: computers, input/output devices, display, terminals.

~Teaching lachine - Acconding to Fine, the teaching machine is a self-teaching
device that helps the student lean faster and in a different way. But the teaching
machine is not only a machine. Tt i1s also possible to get the same principles from
a prograrmed book. It is what goes into the pages of the Xk that is important.
Experiments chow that there is little difference between a "hardware" type of
teaching machine and the book type of teaching machine. Both ks and machines
depend upon programed instruction to do an adequate job. Tools: multifarious
teaching machines,

~Audiovisual Methods and Materdals - The principal receptors of information
arc the eyes and ears, and there exists substantial evidence that many of the

factors involved in learming depend on the choice of the recoptors
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employed. An effective leaming system thus must be capable of trans-
mitting simultaneously visual and audio information. Such a conjoint
transmission is desirable in both skill and cognitive leaming., Tools:
films, tapes, tape recorders, televisions, film strip projectors (some
with sound tracks), movie projectors (with sound), record-player and
records, ALF.

2. General Methodology Used for Designing Leaming Systems

We will investigate the general methodology of designing leaming systems
in detail in order to provide criteria for evaluating these learning systems and
leaming tools.

1.1 Human Interface in Leaming Systems - The transfer of information from
science information banks to other repositories will proceed via a human in-
terface. In the case of science learning systems such an interface is the
author or editor of the stored curricular materials. For example, the pre-
paration and recording of leaming materials in ALY is normally carried out
by faculty subject specialists.

1.2 General Methodology Used for Designing a Course - By investigating the
general methodology used for desipgning a course, it may be possible to find
the steps in this methodology that need help from the science information
transfer systen.

1.3 Cwricwun bevelopment - Curriculum materials are basic to the scheol
experience; texts, films, and workbooks are the mainstays of instruction,
especially in the early grades. Until recently the development of these
materials followed relatively predictable patterns. Materials were some-
times generated in an ad hoc way by teachers working in the schools, but

the major direction of curriculun daveloprment generally me from the conmen-
cial publishirg houses, where the publishers worked on . usual author-editor
imodel.  Attention to the developnent of new courses can reveal the cources
that need help from the science information transfer system.

A flow chart deseribing a general methodolopy for preparing a course will
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be developed. In this flow chart it should be possible to identify the
steps in which a science information transfer system can be utilized.

1.4 Mental Process of Human Information Transformation - An wmderstanding
of the mental processes through which authors of leaming materials
acquire, evaluate, organize, and integrate new information into the subject
mtter of existing, organized science curricula will be necessary for the
STITE project.

After those key elements of the mental processes are identified, they
can be considered in attempts to assist the transfer of science information
into education by machine aids,

3. Evaluation of learning Systems with Respect to Project Objectives
LY

An evaluation of conventional and non-conventional learming systems should
reveal those systems which will substantially benefit from a science information
transfer system.
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EDUCCH, 185€~1873

Engineering Fducation, 1872, 1973

Information, 1270

Information and Control, 1972

Information Sciences, 1972

Information Scicnee Abstracts, 1872-1973

 Tree_Inforration Scientist, 1872-1973

Information Storage and Retrieval, 1871-1973

Joumal of ths 4oerican Society for Information Science, 1969-1972
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Joumal of Couputer and System Sciences, 1970-1971

Journal of Fducation for Librarianship, 1371-13572
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Jowrnal of Educational Technology, 1870

Jourmal of Research and Development in Education Fall 1871-Summer 1872

ITI., Output of ERIC Tape Search

Current Index to Journals in Education 1972
tric bducaticnal Documents Index (1966-1969)
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A. SAMPLE OF IETTER REQUESTING INFORMATION

Georgia
Institute

IeCIanl()gY SCHOOL OF INFORMATION AND COMPUTER SCIENCE | (404) $94-3152 | ATLANTA, GEORGIA 30332

Dear

Ve are cwrrently working on a NSF sponsored project, the objective of
which is to study, design, and e\'pemmntall; evaluate man-machine mechanisms
for enhancmg the transfer of science information from its present repositories
into science learning systems., In particular, we plan:

1. To describe operationally the process of transformation of science
information system outputs for the purpose of integrating them
into the content of science learming systems (i.e., computer based
as well as routine class-room type educational systems).

2. To investigate comparatively the design and operating characteristics
of science information systems and science learning systems, par-
ticularly from the viewpcint of requirements for transferring in-
formation between them via a man-machine interface.

3. To implement an experimental design of limited transfer mechanism
from appropriate existing science information systems into
science lesrming systems and to evaluate the cost effectiveness
of that mechanism.

To achieve the ahove-stated goals of cur project, we collect and analyze
information on the following topics:

1. State-of-the-art of computer based science learning systens, their
operational characteristics, teaching procedures and the methedology
of course preparation in the concerned science learning system,

2. State-of-the-art of existing operational science information trans-
fer mechanisiy, and the procedural details involved.

3. Details of the forms of available outouts fran the stience inforwation
repositories to learner/educator conmmmities.

It will be greatly appreciated if you can send us whatever relevant docurents
and reports are available at your center on the above-mentioned topics. If you have
any cuestions reparding our project or information we are requeoimg, please call us
collect. '

Thank you for your assistance.
Sincerely youwrs,

Pranas Zunde
Project Dircetor « S
Schiool of Infonmation (md Oomputer-,}

_ Science
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B, INSTITUTIONS CONTACTED BY LUTTER OR PHONE

Dr. James J. McCarthy, Projecct Director Albert W. Fell, Director

Special Education Instructional Special Education Instruction
Materials Center University of Texas

University of lisconsin 304 West 15th Strect

415 West Gilman Austin, Texas 78701

‘Madison, Wisconsin 53706

Dr. M. Thomas Risner, Director Mr, T. Kottenstett
National Information Center For Education Denver Research Institute
Media 2050 E, I1iff Avenue

University of Southern California Denver, Colorado 80210

University Park
Los Angeles, California 90007

Mr. H. E. Baker, General Managex Miss Becky lalker

Scientific and Technical Information North Carolina Science & Technology
Facility Research Center .

NASA Research Triangle Park, N. C. 27709

5001 Calvert Road
College Park, Maryland

Mr. Jerry Harrison Clearinghouse for Federal Scientific §
NASA Technical Information

Technology Utilization Ofc, Springfield, Virginia 22151

Code KT

Washington D.C. 20546

Mr, Colin Mick

Institute for Communication Rescarch
Cypress Hall

Stanford University

Stanford, California 94305




C. VISITOR FROM INSTITUTE OF LIBRARY RESEARCH

Mr. Allen Humphrey of the Institute of Library Research, University
of Caiifornia at Berkeley, visited the campus on April 5. 1In conference
with the staff of STITE he discussed the work of the Institute and more
particularly his participation in a study of the Educational Resources
Information Center con..icted by the Institute,

The primary purpose of the Institute of Library Research is to in-
vestigate the application of technology to library practices, Mr. Humphrey
explained; and he has been involved with a nunber of their research pro-
jects, including the development of an information processing system and
a bibliographic file procedure, both of which are used in laboratory pract-
ice by library school students. He also worked on a lesser project in con-
textual indexing and on the production of a union catalog in book form for
the nine libraries of the University of California system.

For the purposes of the STITE project, Mr., lumphrey's association with
ERIC was most relevant. ERIC is a nationwide decentralized information
system designed to disseminate and promote the use of educational inform-

ation. Rescarch in Education processes approximately 1,000 items per

month on magnetic tape, excluding journal articles, and Current Index to

—

Journals in Education processes approximately 1500 items from journals each

month. Both indexes receive their materials from 16 clecaringhouses over
the country, cach clearinghouse having its own subject specialization. In
addition, the clearinghouse on vocational and technical education infor-
mation produces AIM and ARM, abstracts of instructional and rescarch mat-
erials in that field.

Approximately 100 organizations presently receive ERIC tapes regu-
larly, of which 25 to 30 arc active users. Users arc primarily state or
rcgional education agencies that service requests from the education commun-
ity and universities and colleges that service requests from professors and
students of the academic comnunity.

Direct utilization of ERIC Tapes by the STITE project was discussed,
without conclusions. Technology presently exists for some possibilities,
such as the direct transmission of a bibliography for updating a course
to a tcacher at a terminal, but further investigation will be required to

asscss the potential of ERIC tapes for STITE purposcs.

ERIC

A ruiToxt provided by ER
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D. Interview at National Medical Audiovisual Center

Name of Interviewee: Mr., Robert T. Tumbull
Audiovisual Systems Analyst
NMAC
Time and Date: Tuesday, April 3, 1973
Interviewing Persons: N. V. Subramanian and Khalid Hafiz
Notes of the interview are written by:
N. V. Subramanian
Research Analyst
School of Information and Computer Science
Georgia Institute of Technology

In the opening of the interview, the overall objectives of the pro-
ject, STITE, were explained and in particular the concern of the project with
educational systems and the analysis of audiovisual systems used for educa-
tional purposes.

Mr. Turnbull initially discussed at length the details of the equip-
ment displayed in the Learning Resource Center at NMAC. Then he gave cost
figwes for that equipment. One interesting fact he mentioned was that in
designing soine of the new systems-, the time factor involved makes it obsolete
by the time it is ready to operate. This necessitates very frequent updating
of the information content of the particular audiovisual learning system which,
in turn, incurs scme additional persomnel costs.

Me. Tumbull also mentioned that,in the case of audiovisual systems which
use slides of models, the production of the models and of the slides should be
artistically well donej otherwise the learmer-participants find the systen
psychologically repulsive and the intended goals may not be achieved. In order

’ to achieve the intended goals of artistic acceptabilitly in designing an audio- |

visual presentation, considerable cost is incurred. Mr. Turnbull further added ,

Aruitoxt provided by Eic:

EKC ‘chat in year"' to oowc, vhien thc oout of the auchow.sual equipment dec,mascv
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substantially, there is a great potential in the widespread use of audio-
visual techniques in the learning of medicine. e also implied that such use
of audiovisual learning systems can be extended to several other fields of
science and technology.

In the course of the interview, Mr. Turnbull explained and demonstrated
the mobile audiovisual center (CML-10), 3M study carrel, Aeonstic carrel, No. 200
scries A-1, and closed circuit TV educational programs.

In the concluding part of the interview, Mr. Turnbull expressed his opinions
about Science information transfer for education from Science information repo-
sitories. te strongly felt that local institutions for years to come have to
bear the design and developmental responsibilities of audiovisual learning
systems, using whatever information they can procure from science information
repositories. He also felt that there is some unwillingness on the part of
institutiors that design and develop such systems to offar them freely to other
institutions in a different geographical location,

From tlLis intervicw, it is inferred that local educational institutions
nust bear the responsibility for transforming information that is available
from science information centers into structures that can be used in their
particular educational systems. There arce some implications of NMAC for the
STITE project. In the future, the video-tapes, movies and slides of tech-
nological experiments and medical operations which are otherwise difficult to
conduct, or even to simulate, at educational institution can be delivered to
cducators from Research Centers zad the Science information systems for the
benefit of the educator comrmumnity., In addition when the cost of data transmission,
and particularly the cost of picture and graphic data transmission, decreases

considerably, it will be feasible to have on line tranmission of knowledge from

O
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science information systems to the learmer commmity.

In the concluding part of the interview, Mr. Turnbull gave us the
following catalogs:

1, "Toward Improved Learning," vol. 1, vol. 2, U.S. Department of

Health; Education and Welfare/Public Health Service.

2. Motion Picture Film Catalog.

3. Videotape Catalog.

The obove catalogs explicate the details of the design of such audio-

visual learning systems.




